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_ ALEMSNTARY PRINCIPLES OF ATOMIC: HITERGY 


BY DR. RB. Bs. LAPP 
ARMED FORCES SPECIAL WEAPONS PROJHO? 


> TAOCTRINABION COURSE FOR MaDICAL OF FICBRS 


Part One — ATOMIC STRUCTURED AND RADIOACTIVITY | 


Section 1,00 Introduction _ o ey watt @ 


We realize that many of you have little background in the field of 
atomic energy and we would like to give you a few words of -encouragement before 
launching into this week's discussion. It is. our purpose to give you sone 
concept of the physical basis. for understanding radioactivity and fission. 

This will be done in a non—mathematical and we hope, an understandable, 
manner, Ag: the material is to be given later this: wook. 


From this introductory lecture, we, hope thet you!will gain an ap 
preciation of the dimension of nuclear particles and of ‘the- magnitude of 
nuclear forces. By ca arofally reading through this matcrial-and by referring 
back to it, you will soon acquire a familiarity with thé many gtrange torns 
which are to be used throurhout this week's sacne stan. 


Section 1.01 Tho Electron - Unit of Nogative Charge of ‘leetricity 


Before proceeding to a discussion of the atom and its proportics, 
we shall look briefly at the smallcost: particld of mattor which bears a 
negative charge of electricity. You are all familiar with the word-electron~ 
but perhaps its properties are not so well known to yous In vacuun tubes, 
such as those used in any radio, clectrons are produced by a hot filament in 
tho tube elements. These clectrons are evaporated. off -the glowing filament 
by the high temperature which is created in the filament. Caroful measurencnts 
have shown that all of these clectrons have the sane physical properties. 
Furthermore, electrons produced from a glowing filament are exactly the same 
as electrons produced by’ other | means, as for example, by rolease fron a 
photoelectric cell. 


Tho electron is the Liphtoat particle known to man- send weighs 

only 9 x 107-28 frans. | Now ‘this terminology —- a scientific shorthand — may 
not be familiar to you. It is sinmly a conveniont oxponential way of cox 
pressing the value of an cxtromely small quantity. For oxample, the quantity 
‘0,01 can be oxpressed in this way as 10 raiscd to tho minus 2 power (i.c. 

10-2), Here the negative exponent has the value of the number’ of zeroes in 
the denominator of the fraction 1/100, On this basis the quantity 9 x 10-28 
erans is equal to the fraction -.9 divided by 10 raised to tho 28th powor. 
This is simply 9 divided by the quantity (1 followcd by 28 zcrocs), Written 
out Llongheand it iss 

10,000,000, 900,000,000 ,000,000,000,000 
It should be clear fron tho ateve oxanplo that: it ould. be oxtronely 
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awkward to beh with ah an pa fraction and it is therefore convenicnt 
to use the shorthand form as 9 x 1072 


The vast majority of all electrons found in nature are vai "freoll 
in the sense that they are not attached to something olse. We know that 
clectrons are more or less tightly bound in a larger structure which is 
known as the atom, 


Soction 1. 2 The Atom ~ Its Sizo and Properties 


Certainly, all of you are familiar with the concept of a chonical 

Clement. An atom is simply the smallest part of a chemical olencnt which 
enters into a chemical reaction, In this lccture we shall be concerned 
with events which take place-within the atom and it is therefore ncecossary 
to talk about the structure and constituents of the atom. For an under-— 
standing of atomic structure and for a visuclizgation of » model of an 

atom, you may find ARMY TALK no, 157"4 Naw WORLD WITHIN THa ATOM" very 
helpful 8 


‘The concept of the atom as a structure which is mostly "space! 
is one which can be apprecintcd best by realizing the magnitude of atomic 
and nuclear dimensions. 1 gram of hydrogen contains 6 x 105 atoms: Thus 
even if this 1 gram of gas is contained in-very large vessel, the nunber of 
atoms por cubic Woubindter (1 inch equals 2.5 contingtors) is still oxtrenely 
high. Zach hydrogen atom has a diancter of about 10°° cms (centimeters) 
which is less than one hundredth millionth of an inch. We now know that 
the simplest hydrogen atom is composed of two parts: 


a) «mn inner part called the nuclous © 
bd) «an outer part called tho oloctron shell 


In later sections, we shall sive more details about the nuclous 
- and about the elcetrons which surround the nuclous, Wo conccive of the 

_ hydrogen aton as consisting of a central tiny core or nuclous about which 
_ circles a single clectron. This core or nucleus of the simplest hydrogen 
E atom is called the proton. 4 proton is simply a hydrogen nuclous and is 
formed by stripping off an cloctron from the hydrogen aton. .It should be 
_ emphasized that the proton occupies neglisible volune inside the hydroren 
atom even though it constitutes almost the entire weicht of the anton. Its 
weight is 1840 tines preater than thet of the clectron, 


L: Section 1.03 The Blcctrical Nature o atte 


it oe tone are the only particles which are found within: ‘the aton 
outside of the nucleus and since these electrons are negligibly small in 
sige as compared to the atom, it is cloar that the greatest part of the 
igen is a void. Why then should the atom possess such apparent shape or 

4 ‘Tigidity which we know from cxpericnce it mst have?) Tho reason for this 

ss lics in the electrical nature of the nucleus of the nucleus as woll as that 
of the electrons which spced about it in never ending orbital paths. In 

every normal atom, the nucleus carrics a positive charec of cloctricity 
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which is exactly the sane ns the total nesntive charac of oll the clectrons 
within the atom, For convenience we call the chargo carricd by. 1 electron 
as ~c (it is actually 4.8 x 10710 electrostatic units but you necd not 
remember this number), It is known that cach eloctron carrics a ciscrcte 
elcetric charge of -c units. We also know that cach positively charged 
particle (proton) in the nuclous earrics a charze of 40 units. For any 
neutral (uncharzcd) atom the number of protons within the nuclous is 
exactly., equal to the nunber of orbital clectrons in the atone 


Between the protons inside the nucleus and the oclectrons outside 
of it, thore exists an clectrostatic force which pulls the particles to- 
‘alae. However this force of attraction is just balanced by the 
centrifugal force due to the whirling ‘notion of the electréns around the 
nucleus. Thus the electrons porpetually gyrate aroun¢. the nucleus in orbital 

paths through the frictionless void of the etome 


Section 1. 04 Th Ou or Part of the Aton - tloctron 


Starting with the simplest tod “(hydroron has atomic nunber ay the 
number of orbital electrons is one. The atomic number of nny atom is cqual 
to the number of protons in its nucleus. for henvier eloments, more and nore 
electrons are found in the orbits. Helium with #2 (2 is tho atomic number) 
has two electrons; iron with 226 has 26 orbital clectrons and uraniun has 
92 such electrons. These olcctrons arrange thomscolves ih cortain very . 
definite ways about the nucleus and obey riforous atonic rules. Thus they. 
build themselves up about the atomic corc- in systenatic shclls which are 
peculiar in that each shcll can contain just so nany clectrons. When one 
shell is filled, the cloctrons start another shell which is farther fron 
the nuclcus. 


These clectrons which are in the outermost shcll are callod the 
valence clectrons. These detcrmine the chemical propertics of the aton,. 
Since these outer electrons are farthest from tho nuclous it is reasonable 
to suppose that these elcctrons will not be bound so tightly to the atom, 
The outer electrons are ina sense shieldcd from the nuclcoar charze by the 
inner electron shells so they. cannot "see" the nucleus. On the other hand, 4 
these electrons in the innermost shell (the innernost shell is called the K a4 
shell) are Close to the nucleus and are thus nostly tinntly bound to it. 


Section 1.05 lonization of an Aton — Ions 


If by some means we@ could pull onc of the outermost electrons 
away fron an atom, the roagulting otom would ‘no longer be clectrically 
neutral but would have a net charge of 41. The process of ronoving an 
electron from an outer shell is called ionization anc. the resulting atom 
is enlled an ion. The combination of the positive ion and clectron is known ~— 
as an jon pair. dn atom enn be ionized by shooting hich speod electrons at ite 
These minute cottipeetic hin may collide with some of the outer electrons and i 
knock them out of their. orbits away fron the atone “i 


eas a nedical viowpoint the ionization procoss is of tronondoug ~ ae 
importance since it is the start of the or S by which tissue suffers _ : | 
radiation danages : ie ch oe Peimaegets oi 
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By bombarding an atom with vory high cnerzy clectrong it may 
happen that an cluctron in » K shell will be knocked out of the facancy 
in it and one of the outer olectrons jumps down into the K sholl to fill it 


up. In jumping down (an clectronic transition) onorey is Liberated fron 


the atom in the forn of an xray. 


Seetion 1,06 Ee ay. Suitted Frou Aton 


Tho omission of “an x-ray from an ntom always. occurs when an 
electron from an outer. shell jwips down to fill a vacancy ina XK shell. 


Because the ecloctrons in different atons (of different cloments) are bound 


to ‘their Yospective nuclei with different cnerfy, the enorgy of the x-ray 
sivon off will dopend upon the clement which is producing thom, You have unm 
doubtedly uscd x-ray tubes which havo had differont cloments for targets and 
know that the radiation fron a tungsten target is much "hardor" than that * 
from a copper target.-. We havo mentioned "hard" radiation but for any real. 
discussion we must. spooity’ the rndiation more exactly. To do this wo can 
either refor to the enersy of ‘the x-ray or to its wave longth, GZnergy is 
usually. measured in torms of clcoctron volts (at loast for x-rays). An 
electron'volt is that cnergy-which is acquired by an cloctron in being 
accolerated across a potential of 1 ‘volt. In xray tubes the clectrons | 
enitted by the filancnt are accelerated by perhaps 100 kilovolts (100,000) 
and we Aa hwaiea Say thet these clectrons acquire 100, 000 ev (clectron volta) 


> 


You are probably awaro that x-rays sonctincs behave as though 


they wore "yarticlos" and somctines thoy act like waves" . . In the litorature 


x-rays are. often callod photons or quanta. It is a fundane sntal rule’ a 
physics that every particle has associated with it cortain wave properties | 
and can be describod as having a definite Wave: ot bee Wave length in’ the | 
x-ray region is usually noagsured in terns of 10-8 Coritimetors ond since this 
is a very small quantity it is called by a. special nanc of its own -— the 
ancstrom unit. It is abvrovinated as a. If an. xray photon has very hich | 
energy, say 1 million electron volts (1 Mev) it is snid to have a short wave 
lencth or to de a very hard x-ray. On the other hand, if. it is a photon of 
lower energy, say .03 Mev +5 is a lon wave lonsth: x-ray and is said ” yi Ts 
Nsoft", fi “ ; 


Section 1.07 The trinor Part 1 ans ston — The MNyclous 


The central core or nuclous of the ‘atom while’ it is o dense sphore 
taking neglisible space within the atom is composed of smaller units or 
particles. One of these particles’ -—- tho proton -+ has already deen 
mentioned but little hns been said about it. In addition to protons, every 
stomic nucleus except ordinary hydrogen contains another: type of particle — 
the neutron. The neutron differs from.the proton in that it does not have 
an electrical charge. It is electrically neutral. Both the neutrons anid 
protons are avout the sane in ics de and cach is 1840 timos ti laste 

‘than an cloctrons. : 
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Therefore tho bulk of o11 natter is found within the nuclous and 
perhaps an analogy will serve to illustrato this. If you as an individual © 
were suddenly to be disintorrated so that the nuclci in the atoms of your body 
worc free to Gone - together all your weisht could De concontrated in a speck 
on the,end of a pin. Because the nuclcus hrs its components so closely © 
packed together we say that it has hich density. Along with. this close 
packinz-of neutrons and protons, there must be some force which acts vetween 
these particles. By the way, particles inside the arpa are enalled 
nucleonse This forco which acts botwcon nucleons and holds the nucleus 
torether is a queor typo of force which is called "nuclear force", It is 
this ‘force which is responsible for the enormous energy which is locked up 
within the nucleus, The .onerzy is usually called the "binding enorey" of 
the aaa igh since it binds the nucleons together in a compact system, 


Section 1:08 Be. Rays Dnitted aoe the Muclous 


When the nadLous of an nea suffers a collision with a high 
enorry atomic particle, it may bocome "excited"! by. virtue of having ab 
sorbed energy from the collision. One way in which the nucleus ean fet rid 
of this-energy is by emitting a photon. This photon is called a gamma ray. 
and differs from an x-ray only in that it is generally a hisher energy 
photon, Otherwise % gomma ray emitted by a nucleus is identical with an 
X-LOye ie 


Duite a -tadleus. enits a “amma ray, it may return to its forner 
unoxcited or.normal stato, Jxperimentally, many substances may be made to 
emit such gamma rays by irradiating them with o, cyclotron beam or by placing 
then within a neutron reactor (a pile). 


Section Yi 09 Ottior + Must oar Endintions - Al 


jha, and Bota Particles 


ie ovine yoars ago it was observed that certain clenents sive. 
off ponetrating radiations. Tlements such as uranium and radium ;ive off 
a variety of radiations and are called radionctive olenents. The phenomenon 
is known as tacloactivity. 


Besides omitting canma rays, these cldments were obdsarved to 
Give off two types of narticles. 


&- Alvha Particles (x, - particles) 


These are just helium nuclei noviine at hich velocity. Thoy 
thus are particles composed of 2 neutrons and 2 protons.e Compared to an — 
electron, such a particle is massive and night be expected to be easily atb- 
sorbed in matter. This is actually the case for most alpha particles are | 
completcly stopped by a fow sheets of thin papers We shall:see lator: ~~ 
that this very. short range of action for an alpha particle, mae an Pe eee a 
it from being effective in damaging coll tissuc. | “a 


| B ~ Beta Particles (3 4 - particles) ais oh. 


Beta particles are simply ordinary clectrons which are 
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emitted from nuclei. They move with high velocity (almost the speed of 

light) and are not as easily ‘stopped in-matter as are ¥ particles. 

fv particles of a few million volts cnorgy will however “bo completely ab- 
sorbed by sevoral thin. shects of aluminum, You may dbo puzzled as to tho | 
origin of these electrons: for wo have already said that no cloctrons. are. inside. 
the nucleus, You must think of the beta particle as being croatod in the 
process of omission just as x-rays are created, Bofore omisston an atom docs 
not contain an meray and in like manner noither does a‘ nuclous contain any 
eloctrons.e 


Section 1,10 


In the act of emitting an alpha particle, a radium (clenont sa) 
atom must undergo a chango in its DR pe? structure for the two noutrons 
and two protons which meke up an alpha particle are subtracted from it. 
Technically, we say that the radium aton undergocs a rodioactive transfornations 
To facilitate our discussion of these nuclear change-overs, we will introduce 
some nuclear nomenclature, For example, we shall describe the radium nucl cus 
by tho symbol ggkacce , Here the superscript is called the mass number and ' 
is numcrically equal to the total number of noutrons and protons in tho _ 
nuclous,’ The subscript 88 is the atomic nunbor or charge and is numerically 
equal to the total number of protons in' the nucleus. Thus wo have a neat 
symbolic way of writing down basic infornation aout an aton. Hloments such 
as tin (atomic number 50) have a varicty of diffcront weights since some tin 
nuclei have more neutrons than others. These atons of tin which have different 
nunbers of neutrons are known os isotopes of tine Thus isotopes arc simply 
atoms whose nuclei have the sane atonuic numbers but Cifferont mass numbers. 
Some eloments have only 1 isotope whereas others may have as many as 10 
isotopes, cach of which is .presont in differont mhanes tongs: 


226 vs 
When gave onits an alpha particle Losmiba 1 dane by ‘gHo4 educa 
an thy particle has atomic number 2 and 4 muclecons in its nucleus) it transforms 
aa gfndle” now elongng., nown ag radon. This reaction may be written as 


were 8 ares. 
git goes to randon plus alpha particle 


As you see, analogous to chomical roaction equations, we have "balancod!! 
the equation and obtain a resultant atom of radon which has 286 and a total 


"nunber of nucleons equal to 222, Instead of referring to this process as a 


radioactive transformation, we can also call it a radioactive decay or dise 
intogration. Another point of terminology is to call the decaying isotopo | 
the "parent" and the disintegration product the "deughter". For radium, the 
parent is tho ggkac isotope and the ge eye is the heaviest product of the 
disintegration ~~ the radon isotope 86" 


Section 1,11 Eadionctive Sorics 


Radium is only: one of the many radioactive ‘isotopes. sdiahch, occur, 
in nature. It is perhaps tho one with which you are nost fanilier, Rodiun. 
is itself the daughter of a thorium isotope which in turn is a daughter of a 
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uranium isotope.. There are thus a chain or a series of isotopes which ‘are 
respectively. parent and daughter to each other. The radon which is formed 
from radium is also radioactive and docays to. form poloniun and this forms 
an isdtope of lead... UP to this bagel we can. Gescribe this serics of cvonts 
fy the relations 


ae sind see Z aga? disse gPo2l8 by nan 
iciucd adieaalal (alia (Liiva daar 


Bal ‘to 1 to Radiun to Radon to Polonium to Lead 


The A over the arrow indicates. that an alpha particle is emitted in the de 
cay process. Now lead is commonly thought of .as a very stable cloment. By 
that we mean that it coos not undergo radioactive decay, Howover the isotope 
of lead which is. forned in this radioactive series above. is not stablo, It 
has 214 nucleons. in. its nuclous‘and since it must have 82. protons, ‘there are 
214-82 or 132 noutrons in the nucleus of this ation 7208 lead. Wow in’ tho Load 
BePbe AE bbe in riature the heaviest isotope is g2Pb Thus the isotope 
is much heavier than the heaviest natural Yond isotope for it con- 

ew ‘six additional neutrons. Instead of onitting an alpha Pete to which 
would make the noutron. surplus even worse, the lead igotone 82 Pbo214 omits a 
bota particle and the reaction is as follows: 


rei goos to: Bismuth, plus Hectron 
In this caso, Load changes “40 an: e18G0Kt of atoric fumes higher: than See 
since the emission of an electron is oquivelont to adding a charge of »e 
to the Lead nucleus. In these nuclear reactions electric charge is always 
equal on each side of the equation i, o., charge is conserved, Since the 
electron has negligiblo mass the atomic woight of ait igotone of bismuth’ ee 
is the same as the parent aton. By succeeding Zand: eniss oe 206 
‘ Dismuth aton is finally. transformed: to a ‘stable isot tie of Load = e2* 
This isotope is then the ond of this seri¢gs which is-callod the uraniun 
serics, It must be remembered that in these decay processes  peidalbiieice,. 
gamma rays are also emitted but since ‘yy rays have no charge and no read 
mass, they do not affect the scrics rolationships. In addition two othor 
naturally radioactive soeriocs aro known — the thorium and the ectinium scrias,. 
ae latter both. finally eer to- stable isotopes of Lonse pasos 


Scotion 1 125 “Bho Rate of Racdionetive Decny = “The “yes egesaae 


To aiid probably been wondering about oe ing Bento on which 
these radioactive transformations take place. Doos. the ratlium aton, for oxamplo, 
disintograte in 1 second or in 1 year?’ Actually the process is statistical : 
in nature and if we wore able to look at one isolated radiun aton, we might see 
it decay in a minute or we might have to wait a million years for it to dis- 
intograte, If, however, we look at 1 gram of raciun atoms, we sce that there. 
are 80 laa atons ma 6 x 20h = 3x 102 at ators) | that thors! AB. an avorage value 
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for tho time during which 50% of those atoms will docay. This time is called 
the half life and for radium it is 1590 yoars. If we atart out with one gram 
of radium, then in 1590 yoars we will have only one-half gram on hand. 


Radium is said to be long-lived but other atoms heve extromely 
short half lives of the order of one millionth of a second. Still others 
like 92U238 (the heavy isotope of uranium) is very long lived, having a 
half life of 4.5 x10 years. iptesee . Mgr 3 


, In order to calculate the activity of any sample of a radioactive 
material we nultiply the nunbor of atoms present as follows: 


Activity = (lo. of Atoms) (.69) = number of particles emitted per second 
: Half Life (in seconds) . 


‘Suppose we calculate the activity of 1 gran of radiug. Now 226 ems 
of radium are equal to 6 x 10**% atoms so 1 zram_contains 2.6 x 10° atoms 
and since the half life is 1590 years or 5 x 1029 seconds: 

Tho activity of 1 am of Ra == (238 x 19°*) (.69) =3 3.7 x 1010» 

ad 
disintogrations/second, 


. In practice this activity is called the Curie and is an accepted 
standard unit. You are perhaps familiar with the millicuric (ze) unit 
which is one thousand times smaller than the Curie. <A millicurie of radiuwia 
Gives off 3.7 x 10° particlos per sccond (37 million particles in one second). 


Section 1.13 al tity of Radiation ~ The Roentzon 


., In treating a paticnt with radiation from a radium capsule it is 
necessary to measure the dose which is given. For this purpose wo use a 
unit callod the Roéntgen named after the discoverer of x-rays. The Boonton © 
abbreviated is r is defined as that quantity of xradiation which on passing 
through 1 cubic centimeter of normal air produces 1 olectrostatic unit of 
ions. While it was originally defined only for x-rays, the definition is 
‘equally valid for gamma rayse A smaller unit, the milliroentgen, (mr) is 
- often used in practice, Tho definition is perhaps not too meaningful to you 
because of the tern —- electrostatic unit - which is used. Physically, one 
should think of the definition as meaning that the quantity of x»rays which is 
measured by a certain number of ions produced in a standard volume of air 
(roughly, 2 billion ion pairs per cubic centinector of air). 
Later on you will sce that different typos of instruments can be 
used to measure x-radiation. These are ionization chanbors, Gciger—Muller: 
counters, and photographic emulsions. One should sharply cistinguish betwoen 
two types of mcasurorents -~ Sacha tm eo 


A= Those that neasure, the dose or total quantity of radiation, 


B —- Those which sive the dosco-rate or the intonsity of radintion, 
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2". "=" Dose is measured. in ‘roentgens whereas dose-rate is neasured in 
terns of + ecantieapteasond on. _roentgens/ninute or in other tine units. .-It 

is ono thing to give a pationt a dose of lr .of x-rays and quite another to 
expose a patient to a dose-rate of 1 r/second, In the lattor case, the 
paticnt roceives: ‘a1: roentgon dose in one.second and a;60 roontgons dose in 
4 ninute,. in ono kour’ ‘the Lena would ve dead. or would be as — as os 


fart Two = “NUCLEAR FISSION AND ‘THE Ola REACTION 


Section 2.00" eee i 
Being sain nr with a ee of Kuan adsivtes Avid ee 

radiations, we are in a position to discuss tho phenonchon of nuclear fission, 

We alroady know that the nuclous is a compact aggregate of noutrons and protons 

which are bound together by nuclear forces which act botween those particles. | 

If by some.process, this compact nucleus can‘be split; it. is known that part 

of the.mass of the original nucleus will bo transformed into onergy. . To 

approciate this, wo: nust discuss the ee relation which was first 

put forth by anaminoene | 


Section 2.01: The i estiee tii orgy Bt tines or saaeuace 


If in any reaction where there is a decronse in nass of the ro 
action, Einstoin's nass-onergy pide law requires that this mass nust 
be converted into some form of energ; The resultant cnorgy. nay. be evident 
in any one of ‘several ways. For pout: radiation may be onitted as.in 
gara ray emission (radiant onergy) or particles: nay be: given high. velocity 
(cinotie energy). In vod event, tho 


_ Energy Released == (Decroasca in Nass) x (Wehood ty at aa)? 
or Es uc? 


heck for oxanple, wo split ..Urea ibe! 936" eae (gat ) ties: +y0 ports 

end assume that 1/4 of a mass unit is convortod into cnorgy.:..'One:mass unit - 
is about the weight of one proton and is:dquel to 930 nillion clectron volts. 
of onorgy. - One quartcr of a nass- unit, then-amounts to about “230. ak dad “‘Binco 
the original “gpues 35 atom woighs 235 nass units, a Kas ae ker *O;8 be APE 
leh ingd cee br 000 bai Thus —, ae Re ‘ 


* soft 500 Sates 1,000 
of the total energy content of-the uranium ston is moleased in this splitting 
(fission): process. In fission, the groatost part of :the.Q00 Mov--of. energy. 


“Ls ' i wea in“imparting high velocity to the split, avon: ports (fiseion “pr o- 
ducts). eye 


Section 2:02.: A'Physical Picturo of .the anicie-',, me eoiperes <5 a 


‘EIn/the foregoing. sections, we have indicated something of the 
nature a6 the nuclouse — us now look a little closer at this tiny 
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cluster of MebadAc which forns the heart of the atone He can forn a very. 


-: useful nodel or picture of the nucleus by thinking of it as analogous to a 


SS 


- Liquid sphere or wator droplet. Inside the confines of this sphere, the 
“neutrons and protons are in-a constant state of violent motion, bumping into 
- each other incessantly but always remaining inside the sphcre. So strong:are 


the forces between the nucleons that they do not let each other out of "view! 
and pull coach other tightly together. As ovidence of this close packing of 

neutrons and protons inside ‘the nuclous is the fact that the uranium—-238 aton 
(the heaviest naturally occurring isotope) is only slightly larger in Aiguaten 
than the macleus of a light element such as aluninun, 


Outside the nucleus, the oxtrencly strong nuclear forces are not 
folt because they have a very short range of action. However, the protons. 
inside the nucleus make themselves known outside the confines of the nuclous 
by their electrostatic "field", This "field" forms a barrier around the. 
nucleus which prevents any chargod particles from ontcring tho nuclous... - 
If, however, the pn ticle which secks to cntor it is uncharged, it cannot. . 
"sco" the particle and offers no resistance to its ontry. For this reason, 
neutrons of low cnorgy can oasily slip inside the nuclous whereas’ protons»: 
of even very high velocity are barred, - 


Section 2. 03 A Modelo the Fi sic on Proce ss ASHES O: rd oe. : 


It is a property of a ag very heavy. nuclei wus as U-<do that whon 
a noutron is added to thom, thoy react very violontly by splitting into ‘two 
alnost equal parts. The process is called nuclear fission or sinply fission 
and the isotopes which exhibit this unusunl behaviour are called fissionables 
The heavy products of the fission renction, i. €.. the two hnlves of the heavy 
atom are known as ission roducts. 


We can picture the fission process by biinbity ae car: + 
the ‘Peuia drop model of the nucleus which we have just discussod. Let, us: 
imagine that before the neutron enters the uranium 235 nuclous all the 92 . ; 
protons. and 143 neutrons are in constant motion inside tho spherical nucleus.: 
Let us assume that because there nucleons are so close togethor and move about 
so rapidly so that they lose thoir individual. idontity and may be. thought of 
as forming a fluid or liquid drop of uniform density... With the intrusion, of 
a noutron into this contonted-systom, the liquid drop ‘has energy added to it 
and become excited. The particles inside the nuckcus are sot‘into more 
violent motion and the drop bogins to loso its spherical shape. As it. doforms 
into a non-syherical shape it sots up rapid oscillations which deform it 
still further into a dumbbell pattern, At this point the original sphere is. 
essentially drawn out into two smaller spheres with a tcnuous connecting 
like which thon snaps. Then the two fission products shoot away from each 
other with high velocity. All this hanpons in an cxecedingly short time 
interval .of less than 10-12 seconds and may be thought of as an instantancous 


reaction, 


Section 2.04 Noutrons Reloasod.in Fission | 
When fission occurs, it is known cxpcrimentally that neutrons are 
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released, These neutrons are mostly - 99 percent) omittod within ad 
extromoly short time of lcss than. 10+ _ seconds: but a small fraction of « 

one percent are dolayod for as much ns ono minute after fission has ocala 
All. neutrons whethor prompt or dolaycd are onittel by tho fission products. 
In addition to neutrons, gamma rays, beta. particlos and sonotines alpha 
es. aro se get in the fission. PUPS a ia 


‘et us write down a: pauiiatbe. ehuation for a fission procoss 


2 11? pall? oy 
Boh a agPdtg.” 4+ 46) es AR np f° 
bone ar Neutron | 2 Bat rticy Isotopes *2 Thentwoinig 


This assumes that the nuclous- splits. into two! oqual | parkas! peo we shall" 
Learn later’ this” as on inprebablo occurrence in naturel fipeton. 


on Ee one looks ina tabl of: ‘ginko atepfones. ot one finds that the 2 
heeowa cit natural- isotope of palladiun is 46? while the pallediun 
isotopes ‘shown in the renction cquation-are much heavier, having seven 

nore netitrons por atone From oxpcrichce, wo know thet.theso abnormally ~ 
heavy isotopes are not stable ond must by some means make-up for the 
abundance of noutrons in their nuclei. This can nlso be thought of as a 
deficit of_protons in tho nuclous. It is thus understandable, that. neutrons - 


are so quickly emitted by the fission’ products. : 


Section Re 05 _Badintions Fron. Hission Products 


Se ee “It woulé be rare. for a pair of fission products ‘to have the sane 
nass: ae we ‘know that “it: “is: much moro common’ for one of tho products to be © 
heavior than tho othor, In goneral, thore- sre two groups of fiseion 
products, one with an average mass of about 95and the othor of about 139, 
Just why. the two sragnenie are VeCERaA: in ROBB: we do not knowe:. 


Wo ‘do know, ouoror,. that the fission vroducts aro intonsely. ; 
sesiniieetitd. enitting high onergy bota particles and gamma rays, * By: ‘onitt ving 
-particles, the isotopes which contain too many noutrons for too'fow:*". 

protons) tend to make thonselves more normal since we have. oxplaincd . that 
(2-omission is cquivalent to. changing a nuclear noutron,into:a;protons: 
Because the fission products aro born with such extreme neutron excossés- 

(or »roton deficits) it requires four or five soparate “* decays: to SHRI 
_Tegult in stablo atoms. Thus cach. fission product is often associated j 
‘with a chain of radioactive isotopes and for this reason wo speak of. tiodd pad 
as fission chains, Almost. all: fission products onit vory penetrating gama 
rays in addition tO" bota particles. Tho half lives for the various eh Ey 
products vary frou a fraction of a second. to many yoarss bk 


Tho result of fissioning -a a lare ze.number of atons. ig - hat we havo’ 
an aggregnte of many differont fission products ropresenting almost every “* ° 
elonent from atomic number 40 to 70. This fact makes the chonical do- 
contanination of fission products a any Gifficult eel a a, aa, 
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ee 2-06 Theo Chain Reaction 


; ‘If wo wish to talk nbout tho fission of large numbers of uraniun 
atons,. ‘at is necossary to have large nunbcrs of neutrons availnble. Because. 
the fission process requires only one noutron to initiate it and yet gives 
off betweon one and three noutrons per fission, it is possible to use fission . 
neutrons to start a "chain" of fission reactions, Zach fission adds nore 

neutrons to the reaction so that more and more reactions are PORELEA Gs Such 
+ sos 9 Se are called solf-sustaining or chain reactions. 


Since the fission process occurs so quickly, it is conceivable | 
thot if we were to properly assonble a cortain "critical" mass of fissionablo 
material such as U+-235, ‘wé could set off a series of fissions which would 
proceed so quickly that the recoiling fission products and radiations would 
raise the critical mass to a nultiemillion dogrcee temecrature within 
fraction of a second. By definition, such a process would be oxplosive in 
nature. It is important to emphasize that the recoiling fission fragments 
which move with high speed cause the matorial through which they move to become 
hotter by kinetic collisions with other atoms, It is this heat due to the 
motion of the fission frngacnts which causes an explosion to result. In like 
manner, if the energy is released ata a slower rate, the heat may be tanned 
to-be converted into powore ; | 

Prior to World War II, no pure U-235 was available. Ordinary 
uraniun netal contains 140 + haihe moro U+238 than it doos y-235. Now W238 
is not suitable for a chain reaction because when it absorbs a neutron into 
its nuclous, it merely changes into a heavier element without fissioning. 
Since the two isotopes of uranium are chemically identical, they had to bo 
soparatod by oxccoding gly difficult physical mcothods. In fact, the nethods 
~resontod so many technical obstacles, that the Manhattan Brojuet sot up 
hugo plants which used nuclear reactors running on natural*’uraniun to 
ponentita ® now man-nado Shani onatiie natorial - - plutoniuns 


Section 2007 seek - J Man Mado Blement 


With saiiaanhevs sibecate in the fission of the snall anount of 
U-235 present in natural uranium notal, it wos possible to sustain’a chain 
reaction in-a massivo graphite uranium pile. Under proper conditions‘a large 
number of the fission neutrons relcased in the pile can be absorbod by tho 
U_238 atoms, This results in-an unstable U-239 nucleus which rapidly decays 
‘by beta onission as follows: . GR! " 


ey aa | : marl 
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Hore Np is the synbol for the new transura anic elenent neptuniun, 
iéptunium is itself-radioactive and soon decays ko BEBE an’ peel 4 of element 
94 which has-been nenod plutoniun. Thus 93 : MARES “104 


The pr cli 2034 over ens arrow neans that this roo action has a half lifo of 
203 dayse | 
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Plutoniun is a donse silvery metal sinilar to uraniun %235 in ; 
that it is fissionablo with slow noutrons (i.cs neutrons which are of low 
onorgy). lLiko U-235 it is also an alpha omittor ond since it has a half 
Life of 24,000,yoars, it is much nore active than J~235 which has a half 
Life of 7 x 10. ‘years. The alpha activity of plutoniun is sufficicntly 
intonse so that it constitutes a dangcrous health hazard of about the sane 
hype as radiun when it is doposi ted in bone nattor§ 


‘Bootion 2,08 Tho Ooucast of Grition) Size 


One of the unique characteristics of an atomic cxplosive is that 
it mist be assembled into a cortain critical size before it can cxplodo. 
The reason for: this unusunl characteristic is that the chain reaction will 
not be a solf perpetuating ono unless there are sufficient noutrons to cause 
continucd fission. Surpose, for example, we wish to run a chain reactign at 
a rate of 500 fissions por sccond. Suppose, further, that each fission 
generates exactly two noutrons, his requires thet one out of every two 
noutrons goncrated must be used to creato nore fission, so that we have to 


.. have 500 neutrons being used overy socond to cause fission, This leaves an 


additional 500 noutrons which we ean afford to "lose" fron our system cithcr 
by absorption (not leading to fission) or by loss through oseane fron .the 
systen, When tho nunber of neutrons boing produced over and above those 
necded to keép the fission reaction going at a fixed rate is oxactly equal 
to the nunber of neutrons lost from the syston, we say sg the systom is 


critical end this mass of material is called the critical mass. Masscs 
less. than this arc'called subcritical and larger oncs are. “ienown ae over 
critical MASSCSe Ha . ae 


Tho trick in detonating an ntonic. borib is to make an « ‘nemparieelge of 
fissionable. material over+critical as fast as possible and keep it together » 
long cnough so thnt an appreciable fraction of the atoms are fissioned, 

If one simply stacked up blocks of sub-critical blocks of U-235 until the 
assonbly was over-critical, the chances are that no oxplosion would rosulte ~ 
There would be a noutron "flash" and tho heat generated by the fission. of 
sone (a small fraction) of the atons would jush the blocks apart and make 
the assenbly non-critical. tila a, the neutron wore would bo spared 


Scction 2,09 Tho atonic Bont - 4 Possible Mochanisn 


‘A logical way to maminde an atonic vonb raphe be to take two. °° 
henispheres of fissionablo material cach of which se obi or and bring 
then very quickly together to form an over-critical mass. _ enue which 
night accomplish this result is shown in the projected iikieron One 
hemisphoro of pure U-235 night be imbedded in a lerge nass of. saberiadl (tamper) 
placed at the target end of a gun barrel. At tho other -end‘of the barrel 

might be another hemisphcro ‘which sorves as a projeetilo, Separated by the - 
eres of the gun barrel, each hemisphere would be sub—critice ‘land safe; vat 
by firing the one honisphero down tho barrel, it would attain a high velocity | 
and weld itsolf ine iat with the targot into. an over-critical nass. pet ue 
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inertia of the projectile tacerties with the force of the expanding gas behind 
it might hold the system together for an appreciable length of time so that 

a large amount of the uranium is fissioned, This might insuro a hig ch Mabe 
re the reactions | 


‘Whilo it is not possible to calculate the cxact miei dale of tho © 
activity associhtcd with the radintions omittod by an atomic oxplosion with- 
out rovoaling classificd information, it is possible to make crude calculations 
based upon very simple assumptions. These show that there is a truly fantastic 
guantity of radioactivity which results from an atomic detonntion cquivalont 
to more than 1 million tons of radiun. Later on in the week, the results 
of Tost Baker will be discussed and this point will be amplificd as well 
as clarificd, The half lives of the fission products arc, in general, all 
shorter than that of radium; therefore the activity of the Bikini lagoon 
arca is now vory much loss than if 1 million tons of radiun had been dumped ~ 
into it. 


Section 2.10 Radioactivity Induced By Neutrons 


As Army officers, you will be most intecrestcod in end conccrned 
with the now type of damage which is inflicted on personnel by atomic 
explosions, From your oxpnerience in the last war, you are familiar with 
Dlast or concussion 2ffoects and with flash burn injurics. Howovor, 
"radiation damage" presents now and challonging problens, 


While we have discussed various phrses of radioactivity, wo have 
not mentioned radioactivity which is induced in materials by the capture of - 
noutronse We shall bricfly discuss the artificial activity induced by 
neutronse 


If a neutron strikes a nucleus of some clement such as sodiun 
it may be absorbed or captured by it. This process is describod by the reaction 
equation: iNeed 4. ont __i irae 


The resulting sodium atom is not normal and onits radintion. For this reason 
it is called radio-sodiun. MRadiosodiun omits a beta particle of 1.4 Mev and 
also a ganma ray. Thus, if an atomic bomb oxplodes close to sca water 

there will be a noutron induced activity produced since salt in tho sca 
water is present to about 35 grans per litor, Radiosodiun has a half life 

of 14.8 hours and for this reason the activity will persist for a fow days 
before becoming nogligible in intonsity. Othor cloments can also be 
activated by noutron iradiation. This is the means by which carbon 14, 
radioiodine and radiophosphorus aro made. You have hoard of these radio-~ 
elenents in the public pross. 


Section 2.11 Conclusion 


We caution you that the basic principles of atomic cneorgy are not 
to be learned in 1 hour or inl week, Depending on your background and 
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aptitude for the subject matter, you will sooner or later begin to feel 

"at home" in this new field but this’ process will require a considerable 
effort oh your part, All that we can hope to. do. in this short space of 
time is: to: orient you in this relatively new work so that you will be. better 
prepared to doal with it as it bears upon the military situation, © 
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APPENDIX I 


A SELECTED RAADING LIST OF ARTICLES ON ATOMIC ENERGY 


"Radioactivity and luclear Physics" (D, Van Nostrand - 1947) J. M. Cork. 


"The Medical Uses of Atomic Inergy" Atlantic Monthly, Re D. vans (1946). 


‘MWExplaining the Atom" (Viking - 1947) §, Hecht. 


"Atomic Bomb Explosions" (War Dopartment General Staff - R. & D. Division — 
1947 Publication) R. 3. Lapp. 


"ltuclear Power —- Its Military Application" (Const artillory Journal, 
July 1947) RB. 3. Lapp. : 


"Action of Radiation Living Colls" (Cambridge - 1947) D. i. Loa. 


"Fifty Yoars of Atomic Resoarch" (Article, Chomical & Ingincering Nows - 
Volume 25 — Page 2495 - Soptombor lst, 1947) S. C. Lind. 


"Chemical and Engincoring Nows" (May 25, 1946) .\ Sorics of Articles by 
such authorities as J. Pe Opponhoincr, ct al. 


"Applicd Nuclear Physics! (Wiley - 1946) Pollard and Davidson. 


"Artificial Radioactive Tracors" Science 105, 349 (1947) G. T. Soaborg. 
"The Particles of Modern Physics" (Blakoston 1943) J. D. Stranathan. 


"General Rules and Procedures Concerning Activity Hazards" Declassificd 


"Sominar Notcs in Nuclear Scionce & Enginoering" Mass. Institute of 
Tochnology, Department of Physics. 


"The atomic Bomb" Atomic Scicntists of Chicago 1946. 


"The International Control of Atomic Energy" U. S. State Dopartnent 
U. S. Ropresentativo Report #5 (19-46) 
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Bre Ave! The one factor: which tidkes an Be Bie ‘anh, Bekoukhi on aifforont from tho:. 

| detonation of any other’ type of weapon isthe nuclear radiation produced.: All high 
.- explosive weapons produce high temperature | ‘and high blast pressures, and the. only 
difference | in thesé “réspects between Atomic ‘weapots and canventional ones is the* 
increased maenitude ‘of the trast and thermal effect produced by the ‘atomic bombs 
However, no other weapon which has deen devised to date is capable of releasing 


‘nuetear Sgpenegind ae 
/ SB00107 L # apenides eae ARE a. HOVERED Ato! Sant argo ee ee ee 
‘ Types of Muelear ‘Radiation 


’ Nuclear WAAL aRionb produced from the detonation of, an’ atomic bomb odneist of 
a number of different types. First, and most important, are the , samme rayse Ganna 
‘radiation is high energy, electromagnetic radiation similar to visible light or . 
x-rays. * ‘In fact, ‘gamma rays have quite. sinilar- properties to X-THYS, the only dif 
ference being that’ ee have. more onetey and are geperinen his. ! more pene hrakenees 


When an aiinis haan e OS ie rays. are pieces chiefly in two ) 
ways, ‘Pirst, prompt gamma rays are produced, « Airectly as 2 product of the fission ie 
reaction itself, Since the fission. reaction is completed within a minute’ fraction 
of’a second after the bomb is detonated, these prompt gamma rays are emitted prac— 
tically instantaneously at the time of detonation. The second main source of gamma 
rays are the fission products themselves, In an atomic bomb explosion the fibeiese 
able material, uranium-235 or plutonium, splits. into two atoms of intermediate | 

atomic weight, ‘Since the fissiot réaction does: not: always take. place. in exactly 
‘the same manner, 4 large number of. different elements are produced in any atomic 
bomb detonation, These fission products are almost all unstable ‘and » as vig radio- 
mneses ‘decay emitting either or doth ranma, rays and beta particles, a. ae ee 

‘ : ‘The. ‘rate. of dees of gadie of the vartous fission v8otiicts dis - asetorent, and 
. therefore | the half-lives of the individual fission products will vary “fron fractions 
Of a. second to thousands | ‘of ' Yearse (The half~life of a radioactive: taterial -is the 
time required for half of . the atens of that Material to undergo decay). ’!- ‘Because of 
this variation in ‘the. half-life, | Zamna rays from fission produc ts. Aare emitted. aE a 
decreasing: quantities. from the | time of detonation’ to years’ later. As an approxima 
tion, it may be stated that the rate of decay is inversely ‘proportional tothe » ‘tine 
after detonation. In practice this means that one hour’ after the detonatidn the 
radiation from fission products is 1/60 of that at one minute, ‘Similarly, one day 
later the radiation is 1/24 of that at one hour, and one year later it is 1/366 
that at one day. 
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In addition to the ganma radiation opeldeed ar ak Geale ‘book detonation, 
there are large quantities of neutrons emitted, A neutron, one of the elementary | 
building blocks of all matter, is a neutral particle with ‘an atomic mass of ones 
Because of their lack of charge, neutrons are extremely penetrating. Neutrons 
which have a very high energy, (i.e... fast neutrons) are produced as a direct pro— 
duct of the fission reaction, In addition, a’ smaller number of so-called delayed 
neutrons are emitted within a few seconds of the detonation as a product of the deca; 
of a certain few fission products, The delayed neutrons also have high energies.s 
Fast neutrons are slowed down by collision with molecules in the air so that ‘at any — 
appreciable distance from the detonation, both slow and fast neutrons are presente 
When neutrons are absorbed or “captureé" by an atom of matter, they f requéntly make © 
that matter artificially radioactive. This "induced" radioactivity is cate often 
an meaLedonal source of gama radiation, . 

. As previssiily mentioned, the decaying fission products emit’ beta particles as 
well as gamma rays. These beta particles are high speed electrons which are pron 
duced in a muclear reaction, Although the energy of these beta particles is high, 
their penetrating power is relatively low and would not. produce appreciable effects 
more than a few meters from their source, They might, however, produce serious 
effects to personnel operating in an area contaminated with radioactive fission 
Pts. Beta eon materials provide.a serious hazard if epene Yess Shek 


e 


ie Finally, a further type of nuclear radiation which’ nay te: ode ot following 
an atomic’ bomb detonation is alpha particles, Any unfissioned plutonium or. uranium 
235 wwhich’ may be present following a detonation will decay vary slowly with the 
emission of alpha particles. Since alpha particles have little penetrating power 
and can be stopped by a shcet of paper, they do not provide any. external radiation 
hazard, but if an emitter gains entrance into the body either by inhalation, inges— 
‘ion or Pen, a OMReD., then Ae. pipbe Pie might provide a serious ‘ MREBT Bes 


SECTION E. 


_Detonation of an Atonic Bomb in the Air. ; nage yo e 

Do ‘date Soi ae, have Saat air—burst ak, varying albitudese: ‘The. Japanese — 
results. give a graphic indication of the effectiveness of such a detonation ini.) 
producing casualties. From the observations at Hiroshima and Nagasaki, it may be 
said that a median lethal dose (ise. a Aose required to produce deaths in fifty 
percent of the personnel exposed) is obtained in the open at a distance of about - - 
three-fourths of a mile from the point of detombion, Thus most exposed, personnel — 
in an area of about two square. miles would be killed by ‘gamma radiation, A large 
number of people within this area would undoubdtedly.also be killed by burns or. | 
blast. Beyond the three-fourth nile. radius the dose would decrease but, neverthe~ 
less, people at a distance of one and one half miles or nore ahah auffor sone. mt 
wercate from the CAmMA, -AAAAEN LON. a ahi ; ; ep 
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Since the largest part of these gamma rays are emitted algost instantaneously 
at the tine of burst, evasive action at the tine the bomb was detonated would have 
little beneficial effect. Moreover, the great penetratingpower of the ganna rays 
nakes it very difficult to provide adequate shielding against them,  However,, 
personnel already within dugouts, heavily constructed buildings or large warships 
when the bomb is detonated night receive a ‘certain amount of protection so that the . 
effective radius of the ganna radiation would be reduced, As a rouzh approximation, ~ 
it nay be said that the exposure could be reduced by a factor of two by imposing one — 
inch of steel between the individual and the point of detonation, Concrete is about 
one-third as effective as steol in absorbing the ganna rayse Dirt-is about ond 
fifth as effective as steel, : 


Although large quantities of neutrons are mitted at the tine of the detonae 
tion of an atomic bond, their range ofc effectiveness is in most cases negligible oa 
by comparison to that of the ganna rays. Nevertheless, because of the even greater 
penetrability of the fast neutrons,.a situation could conceivably arise in which 3, | 
the gamma rays were absorbed and yet the neutrons penetrated and produced offectss. 
However, in nost practical, situations the neutrons can be neglected, They night, 
however, induce radioactivity in certain clements near the point of detonation, and 
these might provide some residual contamination, This was the case at Bikini where 
the sodium in the sea water captured neutrons and became radioactive, While this © 
interfered slightly with operations during the test at Bikini, it was probably not 

of sufficient nagni tude to provide a serious problen +. war-tine operationse. 


The residual contanination both from deposited fispian products and neutron: 
induced radioactivity will depend on the altitude fron which the bomb is detcmteds 
Thus, at Alamagordo where the bomb was exploded close to the ground, the crater: 
contained considerable anounts of residual radioactive raterial. Samples of material 
from this site. are still quite radioactive. The size of this contaminated area, — 
however, was quite linited, In Japan, where the bomb was detonated at much higher 
altitudes, there was little detectable radioactivity within a few days of the 
detonation. 


‘Most of the fission products and unfissioned material in an airbuyst are 
carried up to 40,000 to 60,000 feot in the atonic bomb cloud, These are thon dise 
persed downwind and rapidly diluted so as to provide little hazard, However, there 
is a certain hazard downwind fron a fall-out 6f this radioactive material, either _ 
as rain or as dust... For example fifty niles away from the Trinity site in New 
Mexico radioactive naterials fell on sone cows and turned their hair white in spotse 
No other harnful effects were noted on these aninals,. Because of this danger it. 
will always be desirable to track the cloud as it moves downwind, | and survey areas. 
which night possibly be contaninated by material falling out of it. However, in all” 
probability, such fall-out would be only a secondary hazard under war-time conditions, 
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_ the column descends, a ‘concentrated mist shoots out from the basco and spreads ba 
radioactive materials over the ‘surrounding areca. — Tie rain from this mist or so- 


Be. 


been isolated up to the boginning of the war, .In goncral one deals with thou-' ~ 
-sandths-or even millionths of - gram. The radioactivity fron the fission products. . 


‘aren mey be considered to extend about one-half mile upwind ond two or more miles ©” 


‘At Brkini nearly all the target ships, although otherwise undamaged, wore heavily 


been required for all others, and reontry of personnel would be ‘restrictod to etd 


erances inside the vessels.” This feature provéd' a great nuisance’ following thé. ‘Bakor 


might have been produced... For example, at Pearl Harbor the volune..of water-is sell 
and there is.little. exchange of water with the outside occan. Under-these:. conditions 
~ the -water contamination might provide a serious probleme. hah. 
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Retonation of an Atomic Bomb Underwater : ae . 

dn. an endewidltee: detapated the mievent radsavien én téeed are ‘witte 
different from those resulting.from an air burst and-are of considerably. yen 
magnitude, .-‘The prompt gamma rays and neutrons are practically all absorbed by . 
the water which surrounds the bomb, However, tho. fission products and unfisalonod: 
material are trapped . in the water and carried aloft-.in the column and cloud. When 


callod base surge will ‘thon deposit ‘these’ materials leaving serious contamination 
over’a large area, The exact area covered by this mist and subséquently contam - 
inated will depend on ‘the wind velocity. As a tough approximation the lethal 


downwind. Serious contamination would be obtained at a much groater distance. 


contaminated, and if the bomb were detonated off-shore of some large city, :the. 
situation might ‘well be catastrophic, In such a case a city might -have suffered — 
little visible damage and yet bo essontially a ghost citys Most of the inhab- 
itants‘at the: tine of the explosion would-have been killed, ‘evacuntion would have... 


limited periods. The effcct of-such an attack on a-nunber of. our large citios 
might. Goeprately perehene the wag ae dchalge our of our nations. «: 


To Five an bien: of the death vale of hice, eroblas it night a best. tin compare. 
the radioactivity of the fission products with ‘that of radiun,. A grom of radiun: 
is an extremely large quantity of this material and in fact only a few pounds ‘had — 


deposited in Bikini lagoon hrs, however, boen estimated to be cauivalont to thou- 
sands of tons of radiun,shortly after. the detonation. This is . billion tines: the 
radioactivity from a grom of radium. Such is the. waned fantastic aoe 
associated: ainda an atomic bomb sdac i nadi “oe 
Pacdibivn products deposited on bite sect woud probably ia nei eases be |. 
diluted fairly rapidly, but would roquire tracking for apprecinble. periods of tines 
In the Bikini dagoon, which is a large body of water, .intensitics above .tolorance ~ 
were measured for almost a weck, and even nontarget vessels operating in waters: at 
sub-tolorange levels eolicentrated the radioactive material in. their salt water  . 
lines and on their hulls in sufficient quantitics to produce inténsitiés’ above tol-— 


test. ot Bikini, but wold not héve been sufficicnt 6 provide a serious ‘hagard in! ‘war 
tine, However; had:the concentrations in-water been higher, -thon-a serious hazard. 
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Material deposited on solid surfaces ‘such ‘as the decks of the tareot’ ‘ships 
or the streets of ‘a city, downwind of sucha detonation would be far more’ serious 
since it. would not be subject to any diluting influences. . The radioactive aaterials 
would be strongly absorbed and their removal would provide an sxtremely difficult 
problem, Decontamination of raiinoactive materials is quite different than for 
chemicals, for the former must be physically removed while the latter nesd’ only © 
‘underso | sone chemical reaction, As previously mentioned, the decay rate of a fission 
product mixture can be approximated by a 1/t law. Thus, the radiation from the 
contamination would at one nonth be about 1/30 that at the end of ong day. However, 
another 30 months would be required before the radiation would be reduced by another 
factor of 30. Thus, it is obvious that any area which is still dangerous one month 
after the detonation will remain so for long periods of time, At Bikini half the 
target ships still had topside radiation intensities greater than 1 roentgen per 24 
hours two weeks after the test. This is ten tines the tolerance intensity for core 
tinuous exposure, 


As time goes on, the danger from the external radiation, (i.e. exposure to 
gamma rays from a contaminated surface} will gradually become a secondary factor, 
and the internal radiation hazard will become of primary importance, Thus, longe 
life fission products and unfissioned material may be absorbed into the human system 
by inhalation of dust or by eating contaninated food stuffs, Under these conditions, 
beta and alpha enitters provide a serious radiation hazard, This type of hazard nay 
well make large areas permanently uninhabitable, but i¥¢ would not precikihde the use 
of the area for temporary operations provided adequate precautionary measures were 
employed. 


One further point requires mention with respect to the hazards from an under 
water detonation, Unlike the air burst, the radiation exposure obtained following 
an underwater explosion is accumulated over a measured period of time after detona- 
tion, Thus personnel in the open at a distance of one mile might have 30 seconds 
in which to take cover from the advancing radioactive mist. Direct exposure within 
this base surge would undoubtedly result in eventual death, Moreover unlike the air 
burst, the underwater detonation presents a hazard to any person entering the area 
sometime after the explosion has occurred, The extent of this hazard will, of 
course, depend on the time elapsed before such re-entry is made, Thus if re-entry 
into an area with an intensity of 3600 roentgens per 24 hours were made ane hour 
after the detonation, then a lethal exposure of 400 r would be obtained in six 
hours and the very dangerous exposure of 100 r in 20 minutes, 


SECTION IV 


Summary 

Air burst atomic bombs will produce lethal effects over an area of two square 
miles and neasurable effect over an area of seven square miles as a result of the 
prompt gamna radiation emitted at the time of detomtion., The residual radio- 
activity is of little importance except in the area close to the center of a low 
altitude explosion, 
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ae In an inhudestien detonation,.iraiioactive fission products and unfissioned 
material will be spread by the cloud; and base surge.over a large areas The gamma . 
radiation from these materials will de lethal to exposed personnel nore than two. | 
- miles downwind, and. gerious contadination will result at ‘even ‘much greater Aistane 
This contamination-will provide a’ seriqus hazard for. an indefinite period of bina: 
Prompt evasive action at the time of, the ‘detonation will permit,the reduction of 
_ casualties and orderly evacuation and. . Po=entry Rake will tndoulhe se ies sreat 
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SIOLOGICAL SFFECTS OF RADIATION 


Lt. Col, Karl H, Houghton, MC 
AePeSeWePs 2 


HISTORY 


The discovery of x-ray by Roentgen in 1895 opened the field of ionizing 
radiation to the world. In.1896 natural radioactivity was discovered by Becquerel . 
during a study of fluerescent effects of different substances.. While working with 
uranium, he found that photographic paper was darkened and what is euqqglly import— 
‘ant, that the air adjacent to the salts would conduct electricity and discharge an 
electroscope. In 1898 the Curies isolated radium from pitch blend ore, Ir was 


-aoon after the discovery of x-ray that the biological effects of radiation on skin. 
were noted. This was the first indication of a biological hazard, Becquerel's 


Caassical accident iw worth recording, He curried 2 vial of radium in his vest 
pocket and devéloped a burn on the underlying skin. ; . 


During the next decade, radiation was used extensively as a therapeutic 


weasure on almost every known Cisease and frequently with disastrous results, It. 


was not until 1903-1905 that the marked sensitivity of the blood—forming organs ~ 
and reproductive organs of aninals sounded the first warning that other than skin 
effects were occurring. Since that time the use of x-ray and radium has ‘been 
approached with more caution as the Aansers were recognized. 


‘This has been pointed out. to show that radiation is not a new problem intron ~ 
duced by atomic energy. However, the increased seriousness of the radiation 
problem has stimulated more intense interest in studying the effects of radiation 
and especially the mechanism by which radiation produces biological effects, 
Previous to the Manhattan Project, the amount of radium available in the world 
could be measured ig pounds while at present the amount of radisactive material 
available on the detonation of the bomb can be expressed in hundreds of tons of 
radiun equivalent. i 


MECHANISM OF IONIZATION 


The radiations with which we ure concerned in atomic energy are gamma rays, 
and alpha, beta and neutron particles, The effect they profuce on living cells is 


‘known as "ionization", Essentially it consists of a radiation or particle hitting 


an atom within the cell and striking off a negative charged narticle or electron 
from the orbits and resulting in a positive charged atom and the negative electron 


which are known as an ion pair, The method of striking off the electron varies 


somewhat with the different radiations, but the end result is the same, It is the 
formation of the ion pairs that produces the major biological change in the cell. 


When speaking of radiation effects, the quantitative unit of radiation must 
be understood, It is called a roentgen and it is defined as the quantity of x-ray 
which on passing through one cc of air, under normal conditions of temperature and 
pressure, produces one electrostatic unit of ions or more simply, the quantity of 
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x-ray which is measured by a certain aunbor cf ions (about 1,6x107° ion pairs) 
oroduced in a standard volume of air, ‘The roentgen is valid for gama rays and 
equivalent units applying to nuclear aeerion ss have ‘bben leveloned, 


. 


GENERALITIES CONCERNING BIOLOGICAL EFFUCTS 


le Practically all radiation effects are cither definitely injurious or of 
no vdue to the individual species from the standpoint of survival or corétition. 
Ionization in a cell produces danage that varies in severity with nany Aifferont 
factorse There is, -howéver, no "stinulating" effect ontissws,. A mobilization 
of protective mechanisns say be seen ‘but that is a res-onse of the be, to injury, 
not a direct isin of nn . . 


de Sone . injurious effects are permanent and sone pouporarys. 


ei aguekinte offects es widely in their sverity.. 
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a Ionizing iehididion nroduces: not one, but nany ‘@afforent | effects, even 
upon the’ sane specie or > 


ee Sone ‘effects of. rafiation may. a taal in tho descontants of irradiated 
individuals. 


e. taduttous effects nay Ne beneficial as in the ‘treatuent: of cariauing! tat 
radiation therapy a favorable balance is sought between the beneficial destruction — 
of cancer and the injurious effects to the surrounding healthy tissue. én inter— 
esting paradoz is presented here — that although irradiation. Will cestroy cancer, 
it will also, under sone. conditions, produes: cancer, as ‘in the. skin fron repeated 
absorption of radiations Ge ; ‘: me ae 


INTERNAL AND "EXTERNAL PADI ATION 
There are two nethods: by which dh individual absorbs radiation: 


1. External, Here the source is outside the body and the radiation »asses « 
through the skin to produce effects in the deenver tissues. With an external source 
radiation effects may be stopped by renoving the source, noving away fron the” 
source or by ainsi adequate shielding between _the body and the source, 


Qo Tebernehe: In thits. case the source of radiation (radioactive naterfal) 
is taken into the body by ingestion, inhalation or through 4 break in the skin, | 
The fission »roducts or other. radiorctive elénents, are then deposited in the vari— — 
ous organs of the body, one of the nore inportant ‘localities being a devosition in © 
the bones. in close proxin nity to the bone narrows When radioactive material is 
fixed in the tissue, it is excreted very slowly and so renains a constant source 
of radiation venient oy aan the rete aig There is no method by which. * 
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radioactive material can be neutralized or destroyed and methods to syneed the ex~ 
cretion of the-fixed material are wisatisfactory, The only limiting. pany other 
— oo ‘is, the . ee flecay: saheieng gts the a aiennsianat anlar rece a 


OLERANGE iavas: (extras Pornissable Dy20) 


seeders - better dee feu amet ediadause' Pte eine eradsllbenath Derndisgable dose" bug - 
contion | ian? ‘still carrics on: the older’ tern. wr OT SO RTA Lee oe 
5 “eh, . K ee : 

Past. experiénce in er x-ray ou Sutton for diagnosis. ‘and thorasy ‘and 
ea experience in radiation has develoned levels of ‘radiation which atleast 
tentatively are considered safe to absor>d over a long period. This has been sot 

for’ external radiation at .1.R/24 hres of gamna or an equivalent nasunt. of tho 
other radiations. In all industrial. processes this figure is not exceeded. except 
in energwm¢y . During war tine nilitary overations it may be necessary }o--exccad 
el-R/24 hrs. at an acceptable figure ‘for the so-called "calculated risk" has not 

_ been developed. In peace tine, however, the arned forces nust follow the accented 
standards of. industry, : 5a apie Pe 


-With-regard to internal radiation, the goal is no absorption, . Snscifically, 
in. ns a work, one microgran fixed in the body is sufficient to conpeh cone. 
plete withdrawal fron radiation | work .for life. An historic. exanple of internal. 
radiation injury is the bone cancer an‘ the deaths anong the *padiun dial padntors, 
The . tolerance dose for radiun fixed in tHe body is only el aderog rane - i 


Lethal Dose, The lethal dose is fairly well established and current think 
Ang places the 50 nld (median lethal tose) or the dose which will be lethal for 
50% of. individuals at 450 R and 100% lcthal at approxinately. 600 R. -It must be 
-reridmbered that when we speak of “50 & as being lethal, we are speaking of irradia~ 
tion of the entire body or total body radiation. Doses up to thousands of roent- 
gens may be given to a small confined area of the body without causing sérious 
injury except to the desired area, An example is the irradiation of localized 
cancers 
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BIOLOGICAL EFFECTS IN TISSUES 
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Many theories have been advanced as to the mechanism of injury fron Loniza~ 
tion, but the answer is still unknown. Among the nore common are; ee 


1e Some chemical change which interferes with the normal interchange vetweon 
the nucleus and the rest of the cell; 


2e Changes in permeability of the coll menbrane; 

3e Production of a toxic substance in the cell; 
7 

“ye Changes in the intercellular heap areaienen 


The answer to the above problem is beine intensively studied at the present timo 
by nany workers in the field of radiobiologys. 


a 3 | 
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a single cell consists of sevoral Abeinecontoaiar listinguishable rests 
which differ in chenical make-up, Since, under nost conditions, all these parts 
are irradiated simultaneously at random, it is not survrising that many effects 
may sometimes be observed in the sane cell, .Sone of these effects can be directly 
observed by various microscopic t:chniques; for instance, chromosome breaks, . 
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increased granularity of protoplasm, change in affinity for various stains, cytoly~ 


sig, swelling of the nucleus, or of the entire cell, etc, Less direct vhysical 
methods reveal other effects, such as changes in the viscosity of the protoplasm, - 
or in the permeability of the cell membrane. -It seems provable that only a snall 


fraction of the cellular effects »roduced have yet been QOORRT Rie é 


The CO vomedoakes encountered in the observation of cellular effects is incroase 


ed many fold when we attempt to observe or analyze the effect dn nany-celled 
organisms, -Here we irradiate many different types of cells and tissues, each of 


which may exhibit its own peculiar pattern of effects, ‘This becomes further in~ - 


volved with the possibility of a radiation effect on one tissue producing an 


indirect effect on otherse - 


A latent period is frequently mentioned which is really a misnomer, It is 


the period which elapses between the time the tissue is irradiated and the effects — 


owe * 


manifest themselves, -Obviously, this period is not latent, but one during which 


- numéeoas successive chanzes are occurring, which eventually lead to the change 


finally observed, -Concerning the nature of these internedliate changes we are in 
ria tia complete ignorance, - 


“The: radiation sensitivity of the different body tiesues aba and the fole 


lowing is a list in the order of sensitivity hesinning with the nost sonsitives : 


 '@» -Lymphoid tissue, bone narrow, blood lymphocytes, lyiiph notes, Peyers 
patches | Pik . 


De -Polynorphonuclear leukocytes 
Ce -Epithelial cells 


(1) .Gonads. and ovaries : : 
(2) Salivary glands Pee? 


d. .Endothelial cells, blood vessels and peritoneun 
@, - Connective tissue cells. 

f, -Muscle cells 

& Nerve cells 
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ExgSUP RESPONSES 0 aDLantoy 


a? [LSE Saree Cee of tissue ‘in general, the more primitive 
tissues (the dlood forming and reproduétive) are more sensitive to radiation than 
AMebly specialized tissues (brain), es 


2, Oollular Environnent. Whether the effect of ionization is 2 direct one, 
taking dlace within the cell, or an indirect one, resulting from alterations in 
the environment, is still a matter of conjecture - both mechanisms may be active, 
As dan-example - dimished effect of radiation on extremely radiosensitive tissue 
when subjected to decreased oxygen supplye. Cold — freezing cefinitely decreases 
arg beh dd ‘ - 


‘3.. The reversability or recovery of damaged tissue is meant the return of 
ee: iisadé ‘to normal. functioning, ani depends upon the dosage absorbed and the type 
of tissué, Beyond a certain quantative absorption of radiation, the .cell.will die 
regardless of type. The reversability of any snecific effect is dependent on 
reparative and regenerative properties of the tissue. Muscle, brain «nd portions 
of the kidney and eye cannot regenerate. Renair results only in scar formation 

with loss of tissue function, Other tissue, as blood forming elements, membranes 
lining body cavities or glands, depending on the dose, may regenerate ani resume 
‘their normal functions, but tissues which have been damaged’ and regenerated may 
not respond after repeated ionization which makes it essential that a repetition 
of ney is avoided, he path 


Le One of the »~roblens of radiation is re vista ets in resyonse of the | 
aifferent species and between identical cells or tissuss of the same species to the 
same dosage of radiations Because of this characteristic, it is impossible to 
measure cffects in terms of soverity to a- ssnese specimen and statistical. methods 
of ceria must be applied. f 


the dpe convenient way of measuring most sffects is to set up as criterion 
of effects some occurrence which may be chassified simply as present or absent, © 
such as. inhibition of cell division, failure to grow, or death. Graded doses are 
Ziven to various zroups of biolozical objects ani after the exposed cells or 
organisms have been scarred or injured or uninjured, the percentage of uninjured 
ones is plotted against the dosage. This yéolds'.a survival curve, fhe tern " 
“survival"here denoting the ability to perform a qertain normal act. in spite of — 
irradiation. ) 


. 
: 


te An example of species variation can be seen in the following table. 


The approximate doses of 200. uabalage required to kill. 50% of the’ aninals 
are as follows: . 


Mice 500 r 
Guinea Pigs 250 r 
Rabbits $25 r 
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This species difference is very troublesome in a practical way, We very much need 
quantitative information concerning radiation effects: on humans, It would be very 
fortunate if we could carry out experiments on laboratory animals and,draw there- 


from quantitative conclusions concerning min, S pecies. variations | Badaee ‘such r 
conclusions at best: toa seni-quantitative: wy ashy 


i 
| 
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ge hee The beeé of radiation is another fudtes whet: must be considered, This 
response falls ee ,, into two CELeRy esas t - 


es : ays A fow biolozical effects resulting fron a given dose are the same 7 
i “regardless of thé rate at which it is delivered, These are the cumulative 
nay senegia and some genera injuries fall into this catagory. 


“Gy For the ‘de Shat ts of the biological effects, howover, the. effective- 
ness of a givon dose incroases if the rate of delivery is increased, Con- ; 
_ versely;.:af the delivery rate of a given. dose is decreased, the, tissue f 
*  response..or injury is decreased, This is explained on the assumption of | 
“, an inereage. inthe ‘radioresistance,of.a tissue unlor prolonged radiation or 
Wei ge more ‘Log sicatly it is “based on a. Tecovery factor Of. the tissue. 
4 ae The Watee's of senstwation of sahatae will vary the biological response | 
of the body as a whole,’ this response varying with the tissues injured... Alpha ° : 
“particles (relatively large mass and 2 heavily charged. article) are highly. ionize 
ing,‘ approximately 10,000 times as effective as.zamma rays. But the range of — 
action is limited by their poor »venetration (anproximately 1/10 - ‘mn in tissue). 
This practically eliminates alpha nee as an external hazard as they may he 
shielded out with a few pieces of paver or the skin, | but- when they are deposited 
internally in a vulnerable organ as the hones,’ gevere dauage fue. to their high 
ionizing ability results, Beta particles (negative charge and neglizable masa) 
which-are about 100 times as effective in ionizing as ganna, rays, have a similarly — 
- poor penetration quality (approxinately 5 t¢ 10 mn “tigstc),. They are, howéver, ; 
an external hazard ‘by virtue of their caustic effect ‘on skin and if absorbed into 
the body are an internal hazard. Gamma rays, (uncharged electromagnetic radiation) ! 
have a much less degree of ionization thanialpha or beta particles, ‘but their” 
ability to penetrate and reach the deep tissues. makes then a particular. hazard in. 
external radiation, * The penetration ability of: “noutrons ae mass: unit and no 
electrical charge) varies with their energy but in general is somewhat less than * i 
gamma and their vower of ionization is about 5 to S times as effective as amma, aa 
rays which places this yarticle among the serious external hazards, ‘* ay 


ae 


The ‘following table is a serialibitinn of the relative quantities of various ‘ 
qualities of electromagnetic radiation required to oroduce erythena of the skins 
(This shows that the higher enerzy rays produce their ionization in the deeper 
tissues with a minimum amount of absorption in the skin and in order to produce. Boy 
skin effect, must be given in, higher doses.) 


ay 


——— 


_ 


os 
a) “a 


3} 
— 


WEST ROTED 


"eset _.. Exposure to... 
RAdtéabot. Ranes: ~Produee zrythena 


. Grenz Rays ee es 100. 


: 
: 100 -kv x-rays. Sheeuoed 350 4r 
3 200 kv x-rays 600 r - 
1000 kv X-rays. _ 1000. ye 
r 


Gamia rays : . °  , 2000 


acuta AND omonto RADIATION 


“ee 


i “seute radtation eases must be separated fron chronic in any axaoud dts: of” 
radiation injury. The acute results from dosage producing an appreciable» effect - 
that can be determined by clinical and laboratory examination, The subject will 
‘be covered separately by Colonel Cooney under Radiation Sickness. The chronic”* 
effects resulting from dasazes ranging from the so~called tolerance levels to* — 
anproximately 10~20 R/day are the subject of intensive research but little data. 
on man is available, The results of animal experiments must suffice because of the 
unsuitadility of exposing humans to this relatively unknown hazard, “he most pres 
dominant effects expected of chronic radiation are shortening of the life Spang 
prenature aging. the production of makignancies, skin changes from beta -and soft. 
ganna rays and X-Pay 8 y. and gen.tic injury.: (The latter will be discussed separ- 
ately.) In man it is said that radiologists and industrial workers with x-ray - 
show increased incidence of leukemia, Recent work Bab ‘lished however states ‘that 
with mice, using doesss rancing fron tolerance to. 8h a day, — 

. * the overall incidence of leukenia and lunz twior is _ Sieesesaie 
bik radiation forces an earlier appearance of the discasa. The higher -the dose 
rate, the earlier the appearances. On the other hand, ovarian tumors are not a 
function of dose rate but are dependent upon a mininal dose. starting the. PYOCessy | 
the future course of which is not- influenced by radiation, ‘This mininal dose is | 
cumulative and unreversible and results. ina higher incidence of tunorss Injury — 
to mice testes, however,.is found to be reverwibilé and responsive only sli; Situ 
to accumulative dosage. Increased intensity of en ron or @ short ‘time dose . 
roe will Suproass: ‘the damages - : 


‘The siecle Ph natniss have not beén given to confuse the picture but to illus< — 
trate: ‘the variation in responses of different tissue of the same, specie and the 
difficulties facing a medical man in attempting to eyaluate and tabulate the. 
chponte, effects of radiation on nan. 
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BLOOD. ' 


The blood is frequently mentioned as an index of radiation, exposure. - As has ~ 
been mehtioned, the most sensitive tissues are the lymphoid tissues and the bone ~- 
marroWe— Observations of the blood count should reflect ingury to the blood form 
ing tissue. This is trie for severe over~expgsure; alterations in the blood oie 
picture may be observed within an hcur after total body radiation, Por exncens)) 


; a ; ‘ 
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There may be an initial leucocytosis. whichs 16. dot due to any stimulating radiation 
effect but to a mobilization of the leucocytosis from the bone marrow. This is 
followed by a leucopenia which may reach.a. ‘séverity depending upon the amount of 
radiation absorbed of practically zero white eslls. During the recovery pergod 
there is usually a rélative lymphocytosis,...The red blood cells start to decrease 

in about one week and an anemia is a manifestation ‘of severe bone marrow damage. 

For exposure to small quantities of radiation, the white blood count is not a row 
liable index. The daily normal variations, existence of low gradé infections, and 
variations in counting. technique are among the factors reducing its reliability in 
measuring the relatively small variations to be expected. A count on an individual 
exposed to frequent radiation showing a reduction even when compared. ‘to ‘the. 
individual's previously established normal, is not a positive indication of radiation 
injury. More importanse: oan be attached to a slight reduction in count if the 
individual is a member of a zroup ‘exposed to radiation and all show. the same varia — 
tions. That would boned bist! indloate an overtolerance . , exposure to- mediation for the 
Groupe... aie: ' . 


REPRODUCTIVE ORGANS AND CENETTOS 


“the elenents of the sopeounsiee organs which are Lntuvea by nd gatas are 
the progenetors of. the adult. germ colls and the genes which transmit the hereditary 
‘factorse Sterility can readily be produced: by irradiation, The dose necessary for 
the: male is about 800 R and in: the female, 600 R for pernanent sterility. - Temporary 
sterility may be. . produced at much lower doses. i aed 
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Genetics is a, Somert died: nif ‘somewhat Peis soidies, dedteeiy Png ge 
by the average medical man. .In radiation, however, it is constantly, mentioned . as. 
hazard in chronic radiation and no discussion is complete without the mention of | 
possible genetic injury. .It is especially important, as already mentioned, because 
thie effects. are produced by accumulative: ‘dosage without regard to. dosage rate or ie 
wave. length, , In spite of its constant nention, ‘little is. known of the actual | 
genetic effects to be expected. Its’ study” in man is complicated. by thé: long life 
span of humans, small number of offspring, lack of specific knowledge of dosage 
received, and difficulty of controlling experiments. Much of the information now 
available is the result of studying the fruit fly and various. species” ig fish. The 
direct. ea earion of this information to humans is difficult... ° | 


. general terns,. the gene isa “germinal factor which carries asreda tary’ 
characteristics. .There are dominant and recessive genes, Recessive require like 
genes or like contributions fron both parents for expression in the offspring whilé: 
the dominant do not, but are expressed in the direct offspring. Mutations are 
changes from the normal within the genes, It is these mutations: that produce abnor 
malities in-the offspring whether they are deleterious or venefjcial to: thé: TACC» z 
Mutations occur naturally and artifitally. The artificial. mutation’ produced by * ae 
radiation ate. those iid, page we are ‘primarily concerned, puyeesgee in, ROUSE SS - 
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genes may be detected in the next generation, whils recessive mutations may go 
undetected for generations, The majority of the natural and radiation mutations 
are recessive, however, and little change can be expected in the first gencration, 
Also being recessive, they will require like recessives for expression and the 
probability is small that they will meet in a future generation. 


Mutations, whether spontaneous or radiation induced, are about 95% lethal or 
sub-lethal, This means that the offspring will die during gestation or shortly 
afterward. Of the viable mtations (about 5% of all mutations) about 95% are 
deleterious, Of these, about 96% pertain to other than sex chromosomes, The remain- 
ing are sex linked mutations which are the exception to the general rule of recess 
sives requiring several generations for expression. They are expressed in the next 
generation, . 


In Japan thé total dose received *y the survivors is very low for clear cut 
genetic effects, but in the next twenty years through the sex linked lethals in : 
females, a change in the male-female ratio may be seen. Ordinarily more males are — 
born than females, but radiation may cause a decrease in male offsprings. The 
occurrence of defective offsprings may increase the stillborn birth rate and there 
may be an increase in infant morality which is again due partly to congenital 
abnornalities, All this is being studied in Japan on a long range program being 
planned by the National Research Council, Many years, however, will be necessary 
before significant results can be obtained, 
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. eee MEDICAL ee iisetiak OF: aTOMIC mastic wed 


| ’ Gollonel. James P, Cooney. 


| Medical effects from the atomic bomb may roughly be divided into’ ceipeaadie 
a as follows: 


ioneagaahhe va Trauma oe 
FRO 2. Burns biterastog. | 
3e lappraraphiocda Injury wor. wltbe- ce “ ers 


l. Trauma — Inflicted by the Actuated force of the explosion, ai eben as 
blast or indirect trauma due to flying debris. As in the case of the bombing of 
Britain, the latter was much more important, The atomic bomb explosion differs 
from an ordinary bomb blast in the wide compass of its rang@.: No one was closer 
to the bom> than several hundred meters, At that distance the :peak pressure must 
already have fallen, and its duration must have greatly decreased in comparison 
with what it was in the center, The ‘explosion cid not have the trip ‘hanner blow 


effect of high explosive, but was rather like a sudden violent gust of air which . 


lasted for a brief.-but appreciable period, 


Japanese ‘nedical observers on the spot could not'find any cases of direct: 
damage to the internal organs by the blast. Necropsy of the early cases shows: no 
typical evidence of blast damage to the lungs. Many individuals reported having ~ 
lost consciousness temporarily, with no. history of direct trauma to the head. 
Observations of Zuckerman (British report) ~tend to discount cerebral concission 


resulting directly from the blast. A report shows the total -of 17 ruptured ear— — 


drums at Hiroshima and 22 at Nagasaki... According to the “ritish investigators 
there is a great variation in the intensity of the blast pressure which will re-— 
sult in the. rupture of the eardrums in. man. In explosions where persons were 


subject to pressures estimated at between 45 and 100 pounds ver square inch, less 


than one-half of.a small group suffered rupture of the tympanum... The drum may, 


however,. rupture under pressures as low as two to four pounds in excess of atmos= 
phere, Facts of acceleration of pressure may also be inn ortant + seca eels A phe 


ing@idence of blast esreos on the diolas sical tarzete 


as tadixest effects of blast caused by falling walls, flying elass, stay: 


Windows were broken as far away as Kure, 2O kk. ~ The radius of co mpLete collavse fr 


of the. wetivest weodeA buildings was 2.4 km, almost symmetrically distributed 


about the center, The incidence of mechanical injury is about 60% between: 500 and 


1250 meters. It, is only beyond 2700 meters that ‘the incidence of mechanical 


injury begins ‘to fall off rapidly. Even at 4500 meters; the incidence of mechan— ~ 


ical injury in the survivor group is still 14%, “Fatal injurics, leer are 
almost entirely in the zone of complete destruction.’ , 


Those indiées ‘in heavy buildings, surprisinely, show a higher isdtaande of 
injury than: those remaining in native, Japanese buildings. Since ‘mest of the in- 
_— were inflicted by flying glass and the concrete catia Having more glass 
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thai those of the native type, the explanation of the paradox is clear. Further- 
more, this ratio of injury applies only to non-fatal injuries in survivors. It is 
assumed that the total mortality from immediate trauma is higher in the Japanese } 
buildings than in the concrete buildings at the sane distance, the reason heing 
that over a wide area of impact the Japanese buildings collapsed from blast while 
the concrete buildings generally retained their structural: integrity. Exactly how 
much of the total mortality was caused by the traumatic factor will never be known, 
because within one-half hour following the blast both cities were swept by fire j 
- before rescue operations could be instituted, - Consequently, even thouch nechanical 
 dajury was. not ‘directly responsible for death, it probably contributed vitally to | 
“the actual. mortality. This accounts for the low incidence of severe forns of 
_* ‘injury among the survivors. is eae 


The Sritish estimate that a bomb similar to thé one used at Nagasaki if 4 
_ jexploded at the same. height over a city such as London would cause complete collapse 
‘of normal buildings for a distance of 3,000 ft. from zero point, damage all houses 
beyond repair out to a distance of one mile, render houses uninhabitable without | 
extensive repairs un to a distance of 15 niles, and would render houses untenant— 
» able without immediate repairs out to a distance of 24 miles, Over London the 
bond would completely wreck 30,000 houses, badly danage 35,000 and damage from 
-+:50,000 to 100,000, Z3ased upon a density of papulation of one person per 1,000 Sde 
ft., the Binh would kill 75,000 people. Compare this with a 500 1b. bomb dropped’ 
is wth, the same area which would cause a mortality of @ix people and a block buster ~— 
.. Which would cause a mortality of 30 people. Mage 


F 


roup 


of patients at-a military — 


De... Tynes and nechaniens of injury from one 


: hospital were as follows: 


fe 
wae 


< prenee Rede ~ ‘Fractures | 11,5% 
non Contusions 53.84. 


Flying glass was the cause of the greater percentage of lacerated wounds, , The — 

; fragments were so small that in many cases clothing was sufficient -to- protect the 
' body. In one case, at 1,000 meters, the patient was struck by glass fragnénts 

_ which, even though t@y did not. penstrate his trousers, 1% struck with sufficient 

ay force to. pierce the arin Ors ‘the uppér portion. of the bared torso and: ‘produce an 
 Anjury. ; : 


““Lacerations — 34.7% ROR ee CRN ae } 
| | | 
: 


ee 


: ese Burns ina feria that occurred may be alessisies. as "flash burns", 
which are the résult of the, direct.action:of radiant anergy, and” flame: burns, The 


latter were relatively..rare, for the reason that it took some tine, »erhaps one. a 

. hour as stated above, for the fires that were started following. the blest to spread i 
within the eitys: Consequenti yy. those who. did not escape were burned to deaths. 

: si Fp 


The radidnt energy covered the entire width of Lio, annie which resendled 
that of the sun. Let us now consider only the ultra-violet, visible light and 4 
infra red rays, None of these hae a hich degree of nenctration, so that any solid 
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object, such as clothing or even leaves, was sufficient to produce a shadowing 
effect (outline of the man who was in the direct line of rays projected upon the . 
asphalt of Bantai 3Sridge), only surfaces directly exposed to the rays were effected 
by them and thus results the so-called "profile™ burns. The wood of dark colored 
telephone poles was. superficially carbonized at 3,000 meters from the center,. From 
the data of Ashe and Roberts, a temmerature of 4,000 degrees Contigrade acting for 
approximately 0.5 seconds is necessary to wteviane a second degree burn. It appears 
that the injurious agents eausing flash burns were of extrene intensity but lasted 
for avery short duration, ’ 3urns were remarkably common among those indoors, as it 
As summer and many of the windows were open. urns were of no significance. beyond 
~4,000-meters, Beyond 3,000 neters few burns required treatment and were merely 
emphasized by erythena, Fifty-three percent of the deaths attributed to burns died 
within the first week and 15% of the total within two weeks,. 


‘Synptons ac teery eee the burns varied from case to case but tended to 
follow a fairly definite pattern, In individuals close in, both burns and blisters 
were apparent in five ninutes. Further out,-in the vicinity of 1,500 meters, burns 
appeared in two hours! time and the blisters in from four to six hours, Within 
2,000 meters, the burns appeared in about three hours and blisters after an elapse 
of 10. hours. However, in one patient at 2,000 meters there was vesiculation within 
10 minutes, 


a. Hffects of radiant energy upon the eyes —- Direct injuries to the eye were 
remarkably few, Only a few palpebral burns were noted, The shadowing effects of 
the supra-orbital ridges and the blink reflex helps to explain this finding. . 
Almos* all of the patients had temporary an>blyopia which lasted for an average of 
five minutes, A few patients had conjunctivitis and kerititis. Only one patient 
with a permanent scotome from perforation of the nagula was reported, . Two patients 
developed traumatic cataract following contusions of the eyeball, <A slight reduc- 
tion in the transparency of the cornea was observed in some but they presented no 
subjective difficulties. One patient wag so »linded by the flash that he was 
unable .to distinguish light from dark for ap Dromeme bai ys wo eee but he made a 
complete recovery. ." 


de Keloid Changes —- Keloid changes apveared frequently and in many cases. 

. are extreme, According to the: Japanese physicians, the incidence of keloids is not 
a characteristic af race and they attributed its large incidence to the extreme 
‘temperature, However, it has been noted that where skin flaps were removed for. . 
plastic surgery, healing resulted in keloid changes. <A follow-up of the "EE eeEe 
problem" is being madé by the Atomic Somb Casualty Commission. 


Cy Pigmentation and Secdontation - Among the striking features of burns 
were the changes in pigmentation, At a distance of approximately 2,000 meters. 
beyond center, the vigmentation was extreme and resembled a walnut whalits (Mask of 
Hiroshima) These burns were jréceded by an interisa arythena, which within a few 
days became increasingly pigmented. Surrounding the hyper—pigmented aiea is a 
sharp border in which is found ' a zone where there is even less pigment than normal 
skin, This zone represents an area where some melanophores have abandoned to enter 
the hyper-pigmented tissue, This pigmentation began to fade only in a fow cases 
at iad months and in many cases ‘still persisted after one year, 
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Depigmentation of the exposed skin occurred in distances less than 2,000 . 
meters. It was not necessarily associated with the scarring of the skin. There 
is histological evidence that loss of pigment in the basal layers can o¢cur,. even 
though the epithelium of the surface is not destroyed. At the. margins: of the 
depignented zones there: is ‘found a narrow: band: of increased pigmentation externally 
to which there is again a’ vaguely defined, depiemented order. as described AbOVes 
: Js the area. of. ah cagaabeaheobechgs the anbotor viens muscles were not Gameaetee 


| 
me Btioloe of the burns - carte Continent of the burns, enatex the action 
Sobd hubris wave lengths, probably . in the. ultra-violet range, The: intensity of the 
pigmentation. at 2,000 meters and. the. extreme depisnentation. without destruction of 
the skin closer: to the bomb is certainly an unusual’ result of thermal’ jury, It : 
must be remenbered that a re latively snall quantity of air intervened between the 
patients. and ‘the bomb in commarison ‘with the entire atmosphere and. stratosphere 4 
which filters much of the ultra-violet: from the sun. Gamma rays are not respons F 
‘ible for the sharply outlined pigmentary phenomena vier has been described, since 
clothing would be no barrier to bag Me oko, | : E a 
q 
. 


Protective effect at Slobhite a Clothing exerted a protective effect 
aevending upon’ ‘a’ scrics of seinlil-tiaat sate factors that include’ te 
ns ee . : 2 ae 
. oo Distance fron the bonb | : i is aes. 
.... (2) - Color and shade . | ie hgeil ee, 
~ +. (3). Tightness of the clothing i | 
(4) Thickness and number of layers | Beye Tee Rs 


~ 


(1) Distance — A chalked uniforn, sont and shirt worn tog Kebhstii were protec. 
tive beyond 1,500 meters, Closer to the bomb, clothes were.no- protection. In some - 
instances clothing actually caucht fire and the’ resultant Flame burns were’ “enone Ca 

the most severe that were encountered. ; : 


(2) @clor and abiato - Darker inet absorb more bat ahaa lighter + shatesy 
The effect. of selected absorption in many cases was remarkable, .At 1,600 neters: 
in the case of a white rayon.shirt with a pattern of dark blue polka dots, 2 nn in 4 
thickness and 1 cm apart, the polka dots were burned in the line of the rays but. a 
the intervening white material was undamaged, Extremely interesting is the effect ’ 
upon cotton cloth with flower pattern in a Light, pink background, ‘The flowers _were - 
dark red roses with leaves. of varying shades’ of. greene. Some of the flowors were | - 
entirely burned out, others. showing.only scorching of.-the darker portions of ce 
leaves and , adiiemnie while. the intervening naterial showed no: sai chins de 


(3) Tightness — ‘Were the ‘clothing was more pat ak shrotonna over. the 
scapular and deltoid regions, burns were much more ebsegs to PSoLes 


— (4) Meucmess and number of layers - - The. protective effect of the, _seans and, 
double layer effect of the folded over collar demonstrated the protective offect of 


_ the thickness of oa een 
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3e Radiation Injury ~ The pathogenesis of the signs and symptoms will first 
be considered and then will follow an outline of the commonest. clinical i 


Qe Skin: Epilation was frequently observed among persons who had been close 
to the bomb and who had-survived for more ‘than two weeks, «At 500 meters the incie. « 
dence was approxinately 75%.and fell off sharply at 1,250 meters. ‘The time of the 
onset of epilation reached a very sharp peak between the 13th and 4th days. after 
the bombing. Peak for males and females coincided. The hair suddenly began to fall 
‘out. in bunches upon combing or general plucking, or it was found in considerable 
quantities on the pillow in the morning, This process continued for one or two 
weeks and then ceased, In nost cases the distribution was that of an ordinary | 
baldness; involving first the frontal and then the parietaé%' and occipital regions, | 
and sparing the temporal regions an‘ the scruff of the neck. The eyebrows and 3ven 
more so the eyslashes and beard were relatively resistant. In one group of patients 
coning to autopsy, 48 had. epilation of the head, § of the axilla, 6 of the pubite 
regions, Le of the eyebrows and 2 of the beard, ‘Complete epilation is not necessaps’™ 
ily correlated. with a dad prognosis, On the other hand, 14% of all individuals who 
died of radiation effect at approximately the fourth weck had no epilation. It can 
be assumed that such cases received some shielding effect such as concrete duild- 
ings, thereby filtering out the softer rays, with death resulting from the hard 
penetrating ba, which have little effect upon the skin. op 


sven in severe cases, the hair ind begun to return by the middle of October 
and two or three months later had fully returned. In no case reported was epila- 
tion p. rmanent, oeee dh ‘ 


De drat ana Gastro-intestinal Tissues: In many. patients, ssvers nausea and 
vomiting occurred as early as 30 minutes following the detonation, In other cases, 
it did not occur until the next day. Thirty-two percent of the individuals within 
the first -1000 meters and 23% who were between 1100 and 1500 meters suffered from 
voniting on the day of the bombing. The incidence fell sharnly to 6% at 2000 meters. 
Diarrhea, sometimes sganguineous, occurred within the first few days in many patients, 
Membranes, similar to the tyne found in agramiiocyto ais anzina, occurred throughout 
the peerepenvas’ taet tract. 


Co ‘Ginates idithdabAdhie moAdntion wihsabd in the testes were, discernible 
as early as the fourth day an‘ were profound in all fatal cases who hai deen within 
1500 meters of the bomb, It was obviously of intérest to stuty the sperm counts in 
the survivors. Only three of the 23 patients stutied who had been within 1500 
meters had 4 count in excess of 40,000 (lower limit of normal} of 39 who had been 
wittin2 km, 13 had counts below 40 000) According to Macomber and Santers, it-is © 
unusual for pregnancy to occur if the spermatozoa count is below 40,000... Several 
of the patients complained of a loss of libide or aven loss of potency following the 
bombing. According to the Japanese physicians. the return to nornaley has been 
Slower in the male than in the female. 7 ar New 


. Ovaries: SAR a the ovarics showed. less striking changes than 
the testes. During the war years in Japan, there was a high incidence of amenorrhea, 
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increasing from 4.3% in 1932 to 12,0 in 1944. In 1944 the incidence among 316 
nurses of the Tokyo Imperial University was 13.3. According to the Japanese’. 
gyneeslogists, this was due to malnutrition, overwork, and anxiety associated with : 
bombing, Thirty-six percent of the women in Hiroshiua and 29% of the women in 
Nagasaki, between the azes of 15: and 49, who were within a distance of 5000 neters : 
experienced menstrual disorders, The majority of these had one normal psriod follow) 
ing the bomb and had cessation for an averace of three to four months, <A year later 
no cases conplaining of menstrual disorders attributable to the bombing were found, 


| 
| 


, ''/@—¢ Hemotopcistic System: In persons exposed to meats! the: lymphoid and . 
hemotopoietic tissues underwent rapid necrobiosis, «according to the Japanese the 
effect-on the blood was biphasic. The lymphocytes dropyed scsi AE -and reached ) 
their, low point in about five days. A few days later the granulocytes began to drop | 
and. about the sane time the lynvhocytes began to recover. A»out the.same ‘tine the’ °4 
reds began to fall and about the end of the third week in many cases thore was a | 
recovery of the lympho cytes with a marked decrease in zranulocytes ‘and an associated 
anemia, However, in some cases as sarly as five days following the bombing white 
blood counts as low as 150 cells per cubic millimeter were reported. Snecimen of 4 
vertebral marrow obtained after 10 days . following the bombinz showed an almost total 
loss of myelopoietic tissue. PEE NOT a 


f. Hemorrhagic aspects: Involved in this ars four factors, nauely, platelet 
factor; dietary factor, infection factor, and canillary frasility factor, 


(1) Platelet factor - In 14 cases dying between the fourth th-seventh | 
week, in whom nlatelet counts were available, only two ware above 60,000... 
per cubic millimeters. Most of the cases range between 10, 000 and 25,000, 
In all of these cases the >leeding time wagincreased, in some a8 lonz as 46 
minutes, 


(2) mighary. factor « Neotless to say vitamin C levels were lowes 
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: (3) takettion factor ~ Specific wiihiero Laakoad Anta was unsatisfactory; 
however, there were cases of bacteremia cemonstrated by .streptecocci and 
bacilli found in freshly. fixed tissues derived from ba bone marrow, 


. (4) Capillary fresility factor — Capen iy fracility was: found in in- | 
dividuals at the fifth week an’ at that time enone to run parallel to the, | 
white blood count. . 4 

@&. Cheracteristies of: the Hemorrhagic Phenomena: For convenience these will » 
be referred to as purpura. ‘In the skin, purnura was almost always nanifestéd in | 
patients dying from the third to sixth week, inclusive. Its incidence at various “J 
distances from the center ran almost exactly parallel to that of epilation and fell _ 
off sharply after 1250 meters. Purpuric spots tented to appear at about the samo . | 
‘time as fever, Their peak is between the 16th and 22nd day, some five days later 
than the peak of epilation. associated with their onset, there is an increased : 
tendency to bleed from lacerations, fractures and burnse Healing of wounds was. proe 
lonzed,coincident with the appearance of radiation sickness, The growth of granvla~ _ 
tion tissue stopped and no tendeney to heal.was shown, In those who survived, the 7 
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eens Ui on tissue inproved Evdowine recovery fron raddehbin: -adaichane’ chenebatham 
with the purpuric spots,on the skins _After the onset of the purpura of the skin,: 
hemorrhages. were Also found. in. “the gingzivad and from the! reetun, © nose , urinary tract 
and, respiratory. passazes: in that. order, of: frequency. “Tho wags. f pre! frequently 7 
involved: bag ey getty as and henorrhagic PROpaRSS. 
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ae: Patients who died of radiation sickness. may 5s oughly divided yes three. 
groups as follows: a Be 


“ soe 
. 


es ing: Patients. a died: within the first ten days ~ iy this group. ilieds is 
histological evidence of radiation effects upon the ‘skin, gastro~intestinal tract, 
lymphoid tissue, bone: marrow, gonads or ovaries, but these have not been clinically 
manifested. ‘There was no epilation nor purpura, . Patients complained of nausoa and 
vomiting on the. ‘first day of the bombing, followed by anerexia, malaise, severe 
diarrhea, thirst and. fever. Death ensued in delirium, — Profound leukopenia ‘was 
present, Temperature records: in all these: patients were renarkably | sinilar,* Usually 
between the fifth and seventh days and sometimes as early as the third day, ‘there . 
was a step-like’ rise in temperature, usually continuing to the day of death. “The 
cesieiatied the aren the more severe the symptoms and the poorer the prognosis.” its 
oH 

‘irae iieba case? A 31-year old Make officer of the Japanese. wavy was: adnit= 

ted tai the hospital-the night of August 9th, He was within 250 neters at the tine: 
of the bombing’and suffered first degree burns to the - back, neck and’ chest, contu- 
sions:of the nose and right hand and an abrasion of the left elbow. On’ the. 12th of 
August he began to complain of abdominal pain, nausea, anerexi2,: ‘dizziness ant : 
diarrhea, which reached a frequency of 15 stoobé a day. At the sate time his tenp— 
erature began to rise and gradually continue upward until the day of hig death, 
15 August 1945. His. blood count on 12° ee 1945 was ink 6 iil lion’ red Blood gellggg 
and a mee blood cells, 


“Oy maisenve dying ‘the Hattie obese of the second week, betras “fourth, . 
fifth and sixth weéks or surviving severe symptons.s In this group, the anatonical 
and clinical results of radiation attained their 1 DCTS Epilation is. prominent, as. 
is the hypoplasia of the bone narrow. The hemorrhagic and necrotizing. lesions.are 
entirely comparable “to those seen: in aplastic anemia. and agranulocytosis, and occur 
in the , gums ,: respiratory and gastrointestinal tract. - Petechiae of ‘the: skin ‘are °° 
almost _—— ravens The. <—wt of symptoms ‘is’ sonewnat as: follows? Pears 


Ati: Ba 4 a eta. severe ote "iis first évideadé of the disease is nausea, und ade 
seine Wain on the day: of° ‘the bombing,: followed by a feeling of malaises The: patient 
then begins to’ ‘improve ‘and feels fairly ‘well until sot. the . begitinihg ‘of the second 
week when epilation begins. A few days later he then again experiences. nalaise and 
a fever occurs,’ step~like in character, At approximotely the sane ‘tims pharyngeal . 
pain may aypear. Sanguineous diarrhea is a prominent symptoms The leucdcytes: ‘ana 
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Wiatelote eet very “low Swale. maith there nay. be ‘an anemie and generally debilitated 
reer ston sOsie Lone: periods ASE, secant 


“4 a cases A rusia awe bebe aban oid soldier wae at thé sles Garrison, 
approximately 1000 meters, on the upper. floor ‘of a two-story Japanese: building at 
the time of the explosion. Fragments ‘Of. glass struek his right. arm ani shoulder, 
inflicting a laceration or the former and contusién on the latter, That night he 
slept in a field but ‘he: returned to the garrison oa the 7th. Between the 10th and 
14th, «he worked on the east drill field and was able to march 15 km. ZEpilation 
began on the 20th of august but he continued to. work, On the 27th he felt fever- 
ish and on the next day : petechiae occurred, He was adnitted to the hospital on the 
30th of Auguste | “At. that tine hé complained ’ of. malaise, feadache and swelling of the 
gumse He had ‘previously had malaise on the’ “day after the bombing. The gingivae 
continued to swell and on ‘4 September they’ ‘were extremely painful, He hada sore 
be on 1 September and had dysphagia on the 7th, Superficial ulcerations of the 
ngles of the mouth were noted and.on the next day he had trismus. His tenperature 
rose sharply on September 1 and attained 40.6 degrees centigrade. On the next day 
it began to fall and reached normal levels ‘on the 14th of September. Petechiac De= 
gan to clear on 9 September and he was sufficiently well on 4 October to be dis~ 
chargede He was next seen on 23 October by members of the Joint Oomaission who ¢ 
found hin. at. work.-on his farm. At that time he complained only of shortness. ato, 
breath, His white blood count reached 1400 in contrast with a low of ae on. t Sep* 
member,” ; ' 

3, ae 3 ~ In some individuals in whom the bone narrow fails: ee recovery 
the’ symptoms described in group 2 continue, and the patients die after a chronic 
illness of extreme emaciations In obrers, concomitant with partial or complete 
recovery. of “the. marrow nost.of the striking: manifestations classed as anernlia dis— 
appear, but they. BPVES TDP LORE s succumb to the complications such.as lung abenapiin uh i 
tuberculosis, etc, ‘ 

' 4 typical case: di 3l-year old man admitted to the hospital on 5 September, 

1945, complaining of- ‘epilation, gingival pain and hich fever, At the tine of: the’ 
bombing he ‘was in the military barracks approximately one km'from the center, At 
the time he sustained @ large wound of the occipital region and lacerations of the 
upper arm and dersum of the left foot, On 25 august the scalp hair began, to fall 
out and he began to _conplain of gingival pain. At the tie of adnission his . 
temperature. was 39. 5 ‘degrees - Genta: eradé, pulse was 102. He was pale ‘and under 
nourished and apprared mode@ately ill, ‘There was’a striking degree of ginzival ° 
henorrhage and ulcers were presagt on*his lips, It was impossible for hin to: eat. on 
account of pain. Zpilation was complete but no netechiae were seén on‘ the skin.. On 
15 September his fever: increased and. his: coushing was so “gevexe that “he was’ ‘unable 
to sleep, However, his external wounds began to heal. On 14 November there was 
henoptysis of approximately 100 cc. On 15. November, he was in an agenal state and 
didd. His total stay, in. the hospital was. 72. days. On: the 19th of Septerber ‘his’ rod 
blood count was 2,2 millions, Wemolobin 36, and‘white blood count 3200... On 8 Now. 
ember’his red count had. descendéd to 1. nillions but his whi te blood count had ine 
ereased to 4 2300. ) 
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FUNDAMENTALS OF RADIATION PATECLOGY 
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It is the intention to present in this relatively brief survey of the patho- 
logic . sffects of radiation a continuation ofthe discussion begun under the sub- 
ject of biological effects, and to present in addition, those changes seen in 
cellular systems or organs, and the body as’a whole, Any. division is a rébher 
arbitrary one, although the aspect of total body radiation is relatively. new and 
distinct, Total body radiation has assumed certain practical inportance, and will 
be considered in sone detail laters 

The pathologic changes can i conveniently presented, after a few. gonsral 
considerations, by outlining the early and late changes in (a) tissue cells, (>) 
organ systems, (c) total body jrradiation, and (d) ‘internal radiation ‘by radioactive 
materials anero Gane into the body either accidentally or therapeutically. 


Sensitivity of the various body. tissues has been well éstablished in a general 
way, and has been expressed larsely as the relation of one. tissue to another, 
‘Figure 1 shows fe Telative sensitivities as dadigeted in two gb oh 


Reactividy of the ee AS: in terms’ of energy or actual iiigice ‘effect from a 
quantitative standpoint is somewhat less definite, Variation in response to ioniz 
ing radiation has: been indicated in numerous studies, but bscomes of particular 
interest in total. body radiation, since in this circumstance. the variation is not 
only a question of death or survival dover a relatively broad range of radiation 
dosage, but manifests itself as woll by variations in organ responses, and ‘ore sulle 
ably by an” “equally wide range in syriptons ane oars findingss 


The effects of ionizing radiation are considered at the seedeut ‘tine to be 
similar for all tynes of radiation - alpha, beta, gamma, x-ray, and neutron sources, 
‘when equal amounts from an energy ana time relationship ara’ ansorbed in the tissucss 


There is no satisfactory indication of any ‘tissue effect of ee other 
“than destruction, Some recent evidence in animal studies would seen to raise this 
question. In prolonged. exposures to tolerance and slightly higher. levels, survival 
rates. were higher in’ the exposed zrouns than in controls. This same tendency was — 
noted in weight curves - the exposed animals showed weights: consistently avove those 
of the controls, due mostly. to abdominal fate This was: coasidered not to be a 
castration effect. From a morphologic standpoint; howovel, the. purely destructive 
eth Ad pe been emnhasized in a recent report by Soon ret 

In evaluating ‘the tissue changes it is well to keep in mind that it is unlike 
‘ly that all. tissue has been subjected to the ionizing action: of radiation. Micros— 
copically any oné or all‘of a number of cellular changes. may be observed . 


(a) Changes in ptatnsas characteristics, yore an increase 4n° eos thophsa 
properties, 


() eat Bidens usually of cytoplasm, 


ft it Pm LALA Seem 


(c) Vacuolation of variable degree. 

(a) Swelling of cellular dommonenten 

(e) Distortion of cellular pirestureny 
(f) Cytolysis, loss of definitive borders. 
(g) Pyknosis. a 

(hh) Chsieee in Godet anparatus. 

(i) Hetustdon in mitotic activity. 


(9) Production of sbnormal ‘mitoses 


(k) Chromosomal changes (fragnentatt én; clumping) + 


(1) Increased refractile neutral red staining bodies within 
leukocytes by vital staining methods. 


» It should be ' ctiftiesteady" tidwadede that these Shadgéd are found in conditions | 
other than radiation, and are not specific, although highly SURE IAT A» iF 


rere ‘in the noncellular tissue may eo intercellular edema, © ‘ 
swelling and meds ny sett On of colloid, swelling and A RAEPAR SEMEN of elastic tissucy 
A nore "airect approach to the cellular peda. is found in observations on. * 
cellular viscosity, ciliary actinn,. phagocytosis, cedlular secretions.and a few ‘ 
enzyme systems which can. be demohs trated. Alterations in thae@ processes have been — 
described following radiations al 1 


A general indication of the. course of changes occurring after irradiation carl 
be outlined briefly: 


: Gd Initially no changes may be found. Litoratatus df hiwecbLay, and 4 
slightly increaged: acidophilic staining ‘properties rid deen dsserabed as being ' @ 
among the barliost:, findings. cee wae 


<hinwabhect of mitoses and avavinotive of bynphocytes nay occur in a short “a 

tine =a natter. pf hours or lesse | Vascular dilatation and edena nay follow, and in 4 

‘the case of larger doses, actual necrosis of tissue cells viay, occur, again depending 

on the relative sensitivity. . These represent, of course, only the readily demon- © 

 gtrable changes, ang are eat an inadequate and relatively crude index.of the 
tissue anterations..” Bhigposh u 


(>) Th. enell of noderate dosage recovery. nay occur with no- residual lesion, © 
nay show the frequent pattern of repair by fibrous tissue replacement, or in other i 
instances the penta: of. fale characteristic of the organ,: there is no indloations 


° 


* 


FIGURE 1 2 
Des jardins* Shields Warren** 
Lymphocytes ' Lymphocytes (and germ cells) 
Granulocytes Granulocytes 
Epithelial cells ; Epithelium 
a} Basal of secretery glands Smooth muscle 
by Basal of testis and Fibroblasts and derivatives 
‘ovarian follicles 
c) Basal of skin and @I tract Neurons 


d) Alveolar of lungs} 
bile ducts 


e) Tubules of kidneys 
Endothelial cells. 
Connective tissue 
Muscle cells 
Bone cells 


Nerve cells 


* From Desjardins, A. Us, Arch, Surg., 26: 926-942, 1932 


** Prom Warren, Se, Physiol. Rev., 24: 225-238. 1944 
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that the features of repair are specific or characteristic for any or all types of 
radiation. It is true that references to "radiation fibroblasts" and the picture 
of "radiation dermatitis" would lead one to assune §hese are unique to radiation 
injury, but such is not the case». On the other hand, these designations are useful. 
ones in evaluating tissue. damage and REE INE etiology.e 


The recovery stage in terns of binnon repair is often a matter of months or 
even years and, in the case of repeated or continuing exposure, becomes a nuch nore 
important problem, 

These late effects, in nost instances involving the question of repeated 
exposure to radiation, are well established. It may be of interest to review these 
findings briefly. . 


(a) Atrophy and ulceration of skin, telangiectasia, fibrosis and vascular 
occlusion were early recognized as radiation effect. 


(>) Carcinona of the lung in the Schneeberg mines is considered related to 
the radioactive material present -in the inspired air, and nay hawe more nodern 
counterparts, 


(c) Bone sarcoma developing in the case of radiun ingestion is well establishes 
ed. } 


(4) Carcinoma of the skin as a late effect of repeated exposure to x-ray 
gp ene is also recognized, 


(é) Evidence of increased incidence of deukenie in those exposed to repeated 
radiation has been reported, 


(f) Other ‘effects have ogi ye | under the Fe phenonena, such 
as genetic variation, shortening of the $0* 8: span, etc 


uynipho id tissue, — Changes in the Lytioh nodes have Beil described by nany 
Suventicators. Relatively small. doses produce in a short tine nuclear degeneration 
of lymphocytes, and some distortion of the germinal centers. “COongestion, swelling, 
and slight inflammatory cellular infiltration may occur. Mitoses are not seen for 
@ period of time, until regeneration becomes active. Continued cellular degenera- 
tion is followed by’ increasing and active phagocytosis by large macrophages» gg, 
Erythrophagocytosis occurs in addition to the phagocytosis of nuclear and cellular 
fragments, The inclusion of red blood cells in the nacropkages is an early finding 
whose significance is not well understood. Repair in ‘avich instances of small dosage 
‘ts — and apparently complete. . 


Sonewhat greater dosage results ina picture of marked reduction in lynpho- 
cytes, leaving an almost empty reticular stroma with the persistance of a few small 
lymphocytes and a few larger reticulun type cells: scaidiablindes with the germinal | 


3 
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i In these cases there is usually: soné-lack of naturation. within the narrows This 


depending on intensity and Ganesh Dutions 
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contors., ‘Repair, nay take! PReaTt it ha: deutructioa has not. been tio: great, apparont— 
ly; fron ‘the remnants of such centérs, often: with definite irregularity in the ‘B1ize, 
shape and pattern of the lymph node, If the danage has resulted in alnost complete 
destruction, the area nay consist of more. or less condensed stroma and loose con- 
nective tissue containing a fow scattered Iyaphocy bots Such areas are said to offer 
no resistance to iymphoid circulation, : ; : 


=e i ” 


The splaen is considered to be soriewhat less sensitive than the lynph nndsy, 


also with less complete regeneration, A sinilar cycle of changes dccur. Loss of 


the. lymphgcytes may result in condensation: of the stroma, and. an accentuation of the 


reticular and sinusoidal pattern occurse, “Regeneration, 4? 1% takes place, nay hat 


considerable irregularity in the cellular forms, Phagocytosis’ is active, and-' 
quantities of pigment may be present in the spleen after recovery, ‘As in’ the Luh” 


nodes, regeneration appears to proceed from:the remaining reticuloendothelial 


elements, The heavy accumulations of pigment. have been interpreted as evidence of 
excessive. bdood es sioineiiaariian or ‘failure of splenic tissue to dispose of the material, 


or “both. 


tijtins ‘tin we changes of a ‘gubitay nature althouzh phagbeytosts ‘and - aibesagat { 


Mion of pigment are not seen as in lymph nodes and spleen, Ke 


Bone Oe Saabov éideuse are \ sothewhdt: nore resistant ‘to radiation than 
lymphoid tissue, Destruction of cells anpears to involve both the imnature 
granulocytic ard erythrogenic forms, Regenerative chanzes are seen early, within 
the first week, Pigment deposits, eosinophiles and plasma cells may appear. With 
particularly heavy irradiation, almost complete loss*of cellular elements may occur, 
with only a few reticulum cells and perhaps an occasional focus of erythropoz etic 
cells. The marrow in such cxses possesses a peculiar gelatinous appéaranée grossly, 
with a deceptive red coloration arising from red blood cells within dilated vessels 
or dispersed extravascularly. Such marrow may regencrate adequately, or nay rosult 
in an aplastic marrow with variable amounts of connective tissuce - In the case of 
ingested radioactive naterial, any stage of ws hiehdahaia sd or aplasia may be found, 


a The correlation ‘of this narrow. au ‘eeth [ieee spay) ‘plood rT] my success= 
fule The peripheral blood - picture does ‘not indicate in adequate fashion the 
processes occurring in the marrow..:For example, the apparently | paradoxical situa 
tion occurs in which a hyperplastic marrow.is present with, a, ‘relatively low count 

in the peripheral blood, a condition found in situations othor than. radiation effect, 
introduces the interesting circumstance which has been mentioned a nunber ‘of tines 

in the literature - what factors determine whether a given henatopoietic systen, 
when subjected to repeated demands, stimulation, or insults, whichever term may be 
‘appropriate, will respond by ky.cm=®. Warren. cites a reference to the histories of 


two chenists working with radioactive substances. 9ver. a period of years in the same 


laboratory. ‘They observed no protective neasures. and Gied within q ‘dave of each 


*-lasia or a: asia. 
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other, one of aplastic anemia, the other of tin umises leukemia, One can observe 
such eases clinically and fron a laboratory standpoint, and encounter stages at 
which one is unable to indicate whether the.case will prog sress to leukenia pr to an 
aplastic pictures | Again this is not a situation peculiar to cases. of ai 


It might be well. to bring bd your attention several wekk Icnown characteristics 

of radiation, shown particularly by thé narrow. One is the destructive effect on . 
tissues elsewhere in the body, when exposure is limited to a relatively small arcade. | 
Anéther is the cumulative action of. radiation, In successive exposures, the radian 
tion necessary to show. definite effects’ becones less, and the periods necessary for 
recovery become lonzer, This has deen” expressed at times in the term "percentage 
recovery" for certain exposures - * 
: Dagton ant Ovaries.— The redbent of the cellular elements on ‘the seniniferm 
ous tubules to radiation differs, There is evidence to indicate that the primary — 
spernatocytes are most sensitive, contrary to the general statement that more 
primitive cells are more sénsitive. Next in order of disappearance are the spernatoe 
gonia, small spernatocytes,spernatids, and spermatozoa, with the Sertoli cells 
remaining, and proliferating to revlace the gerninal epitheliun. In other ins tances 
the spermatogonia, the most immature germinal cells, have been observed to be the 
only.ones persisting, The interstitial cells have been generally regarded as re- 
sistant to radiations ones x 

> as ¥ 4 d : 
Ovaries are somewhat less sensitive than testicular tissue. “Maturing 
follicles have been described as the most sensitive portion, and corpora. lutea as 
relatively resistant. In nice development of ovarian tumors following irradiation - 
in thé tolerarice levels has been described, 


mS pe eT tracte— Extensive itoudine have been carried out with regard 

to the gastrointestinal tract. Edena and degenerative changes ' in the epithelial 
cells occur early. Subsequent changes nay include hyperenia, henorrhags, -cellular. , 
changes progressing to necrosis, often with a thick superficial fibrin membrane, and 
subsequent ulceration. Mitotic figures and atypical cellular forms are seen early». 
within a week, and are considered -to be regenerative in nature, although at the | 
sane time closely resembling degenerated cells. These early epithelial changes in 
the gastrointestinal tract have been linked frequently with the profound toxic _ 
changes. Connective tissue areas of the walls of the gastrointestinal tract show’ 
edema, myxonatous and hyaline changes, the sane areas often coyxtaining bizarre 
‘connective tissue cellular forms, Later effects include fibrosis, atrophic changes 
in the mucosa, such as reduction in nunber of Slands, and in -the gastric mucosa . 
, reduced nunber of chief cells.* Ulceration is a relatively sa lat occurrence, and . 
often after an extended DORLOS, of Panes ; 


Respiratory OorganSe- A esp 7, oo Pi considered noderately sensitive to 


irradiation. ‘A transient pneumonitis occurs, without. apparent late OES Ahh ‘No . 
significant changes have been described in the bronchial systen, . 
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Sietiny= The eee deNs: ausiasde in the skin have been described in great detail, 
and dosdeee” special consideration ‘because of the frequency with which they have been, 
observed, The essential features include an early erythema occurring within a few 
hours to a few days, disappearing within a period of days, followed by a second - 
occurrence of erythema 10 days. to 4 weeks ‘later. This sécond episode is considered 
to represent the culminating pathologic changés in the connective tissue and vascue 
lar bed ‘of the coriun, in contrast to the more direct &njury to epithelial cells 
resulting in the early erythona. ‘Pig mentation, epilation 9nd ulceration may follow, 
with destruction of dermal glandular structures, The late picture of atrophy, 


hyperkeratosis, telangiectasis may develop after repeated ‘small Aosage without tho. 


preceding picture, with the possibility of malignancy, The accompanying histologic 
picture is characteristic. Epithelium is thin, with obliteration of rete pegs. .- 
Irregular acanthosis may be present with cellular abnormalities, The corium shows — 
dilated vascular spaces, atrophic skin appendages, dens¢ and hyalinized collagen, 
_with variable. bassphilia, reduced or absent. elastic tissue, 


Without going into extended detail regarding other ethane ats may -be 
well to mention certain characteristic and relatively important reactions, The... 
epivhyseal region of infants and children is particularly reactive to radiation, . In 
the eye radio-conjunctivétis occurs with moderate dosage and may be. followéd: by: 
keratitis, Lenticular opacity occurs in the young sys tissues with moderate dosage, 
as eoupages, #8 greatly” increased dosage necessary in. pepure, lenticular all 

Other tissues which have not been Agdaugasd to this sata csogeatin. are in’ 
the less reactive range, with few chanzes except in massive localized EXPOSUTC¢ To 
this group Redone nervous banaue hanath, liver, panoreas, bone, muscle, . 


Total ody padtationy as has been mentioned, is a clrounstance. Seakag! of 
special consideration. Dosages used commonly, such as the erythema dose, approach 
or exceed the lethal dose when anplied to the entire body. It is of considerable 
interest to define the chanzes at vorious levels of total body irradiation, and a. 
certain clinical expericnce is available, as well as nunbers of animal studies. , 
Early ‘and rather striking changes have been described in the gastrointestinal tract 
of aninals dying of total body irradiation, with relatively slight changes elsewheres 


Survival for a somewhat. longer tine places the organisn in a period in’ which vascular’ 


- damage and hemorrhagic, phenomena are outstanding. The generalized destruction. of 
hematopoietic. tissue appears to. be also anmajor factor at this and later stagess ° 


Findings at. the later stages are those of severe infection without adequate eollular 


response, and presunably without adequate resistance. 


The question of internal radiation by. radioactive substances does not involve 
any differences from the tissue reactions described, other than the possible ones of 
logaliaation and intensi#tys* The action of ralioactive substances internally. ‘depends 
on ; 


(a) activity of the substance ingested, whether an alpha, beta or gamma 
emitter and the duration of its activity;. 
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(b) behavior in the body — rate of excretion, affinities for contain 
. tissue, and its course and localization, 


For example, Sodium 24,. which is highly diffusible in the ‘ody, ives the picture | 
pathologically of total voce srameRinebor from an external: “SOUPrGG4” PHO 

The localization of many of the radioactive materials in relation to bone has 
intensified their effect, The well known lesions in radium pogsoning may be used as 
ar example — bone necrosis, particularly jaw, destruction of marrow with variable 
hyperplastic and aplastic changes, and the incidence of malignancy im the form of | 
bone sarcona,. It is of interest that the amount of radioactive isotopes required to 
produce bone sarconas,. lymphonas and the like in aninals is practically identical 
with that. required to siroduce perceptible effects in the Psiactigaines bloods 
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“cotonea ibort DeCiursey, ae ogg iil. aarcecintiag 

The. ina tabbed: ‘about Pa oa dilineaiean sil ddaiie the work of many Leniortuan 

Gr American and Japanese, Tissues from radiated Japanese who tied. vefore late 
Septenber 1945 were collected: »y . the ‘Japanese: before we arrived, Besides the 


_many who collected élinical naterial, Dr, Liebow of Yale was the. Pathologist at 
Hiroshima and Captain Shields Warren and I, Navy and Arny,’ worked together. at, 


‘Nagasaki. | Most of the gross, descriptions of early cases are Japanese, . 2.t we saw a 


the preserved organs and obtained tissues for histolog tic ‘studies. We perforned 
seatopaios after our arrival. an i 


2 *BePore. Bilal aba the puakayied effete on “ths: systers of ‘$he: body, wo" 
hd consider the relationship of lesions. and tine of death. In ‘those ihbionie: 
dying during the first, two wécks there is histologic evidence of radiation effects 

in. the tcne narrow, gonads, gastrosintestinal tract and skin not nanifested 
clinically. In the group dying during the third to sixth weeks, bone - narrow 
changes predominate, and neutropenic ulcerations and henorrhagic synptens: are 
spectacular. General nutrition declines, ; Gross chanzes are at about. the: peak, 
Those dying in ‘the third ana. fourth nonths, show beginnings of- recovery- ‘tn ‘hone | 
“narrow: and Mair regeneration but. persistence of testicular and. connective tissue 
‘changes. ‘There is. increased enaciations The lack of nutrition is not. based | 
entirely on Mer tee of foot, © Intostinal lesions and other factors, Pat. a Dis 
aad : = 


“It must de ‘eidiiad van that much of the Japanese material geet ‘Further in- 
vestigation, The primary analysis has, , opened the way ‘for future. detailed studies, 


SKIN: The quickly visible changes in Japanese. atteotet e; an ahead hoe 
were the pigmented. areas that appeared in the first few weeks and persisted, These 
had such sharply denarcated outlines that. they were considered as flash burns, 
probably from ultra-violet rays mainly. Development of what we have recognized as 
‘lonizing ray skin. burn was not seen. There’ were a _— aarly cases of bullous 
edema ae), Bey have been from ganna PAYS» ) oy 


" Bptletion appeared on the. scalp of 80% and oocasionally, more on one: : site: 
than the others axillary. 16%. ‘public 12%, eyebrows BB eo 


Microscopically. the hair folliclos show Aigtinet changes bath in the. 

~“ epidermic’ and dermic coats, Barly specimens were not obtained but” ‘in the fourth 
week the internal root. sheaths’ cannot be iAertifiedy the external ‘sheath (cdntinu- 
ous with the malpighiar layer of the spider) heing continuous with the hair shaft, 
Vascularity of the papillae is reduced ani the adjacent epithelium is atrophic. 
Pigment is irregularly clumped, Then the dermic cont shows thickening both of the 
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tion changes are found. . 
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inner hyaline membrane and. the céllular fibrous layer.- The bottom of the follicle 
apparently undergoes 2 continuous shrinking in pushing the base of the hair toward 
the surface until regeneration begins with new cells over thé papillae in a manner 
similar to ordinary hair replacement activity. . There is also atrophy »of the 
sebaceous glands, but this is also present when ola hairs are replaced in the nor= 
mal individual, . 


Some of the sweat glands are small, their cells occasionally vacuolated and 
pyinotic, and the Pegi membranes thickened, . yy 


Evidence of rafiation effect on the peidermis is not definite, “Third degree 
flash burns could be expectcd to have. also some radiation effect, but interpretas’ 
tion is difficult. Ina patient dying on the 5th day there is necrosis of a vessel 
wall and thrombosis. . At the edge of a burn area there is hyperpigmentation in — 
basal cells and chromatophores. Some thinning of epidermis, hyperkeratosis, iron- 
ing out of papillae, and BY RESTAEMARI TENS of basal cells are found in the viata 
(the most usual specimen) . 


Yascular and collagen changes are minimal, 
BRAIN: Only secondary hemorrhagic or noerokia changes are found. 


PITUITARY: Large basophilic cells with much cytoplasmic vacuolation 
appeared in 25% of the males dying during the third to sixth weeks. Because cells 
of this type are found in mammals after castration, they are known as "castration 
cells", In the.seccnd and third months large Deeppad ee are found, . only a. few 
being vacuolated, .° 


PERE AND Sa morb: Not remarkable, — 


‘ ADRENAL: Dirine tha first two weeks hee seems to be a loss of lipoid in | 
the cortex, but during the next months the cortex progressively loses the orange- 
yellow: color and is distinetly thin. Microscopically most cells are granular 
rathey’ than foamy and the atrophy is most marked in the outer zona gzlomérulosa ~ 
(contrary to the exnected). .When foam cells ars present, they sre usually in the 


‘inner layers The medulla is normal, 


PANCREAS: e bine were found: excent for some mitoses in islet cells. 


HEART: Epicardial’ petechiae age found within the first two weeks and there 
is microscopic evidence of gone - perivascular and rare muscle edena. in the myocar— 
dium. These changes continue to be present during the sccond month when * 
myocardial. hendorrhages are also. secon. after the second ba tata no distinct irradiae: ~ 
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LUNGS: . Only the slight ‘.edoma, nerivaseul> ‘Y or pleural, that appears in 
the first tw two weeks night .be a primary radiation effect,” | Zomorrhagic and neero— 
tizing pneumonia are common after the first weeks, as Hts | lesions, 


LIVER: Dr, Liesbow of the Joint Commission, and Dr. Ono, rrofessor of 

_ Pathology at Fukuoka, were immoressed with large nuclei of liver cells around the 
central veins and with congestive edena in and around the walls of the central 
veins however, the presence of ins, 4 irradiation effects is a moét point, 


KIDNEY AND URSTE BR: uxcept for hemorrhagic manifestation there are no 
primary lesions even in the flea-bitten organs. 


BLADDER: During the henorrhagic stage of the radiation disease, mucosal 
_ hemorrhages may result in necrotizing ulceration without evidence of leucocytic 
infiltration, : 7 


PROSTATE AND SEMINAL VESICLES; Not remarkable excevt for a rare neutropenic 
necrosis and the presence of a few norphologically normal spermatozoa. 


TESTS: “The baiacs show intense changes in sinont every err arehag As early 
as the fourth day when the parenchyma has a normal appearance grossly, the 
histologic sections present remarkable injury of the gerninal epithelium, numerous 
cells of which are necrotic and free in the tubules and even carried into the rete 
testis, The number of mitoses is small, Sertoli'cells becin to increase in 
“number, Mature spermatozoa are found even in later specimens with no spermatogene+ 
sis. Apparently uninjured spermatozoa appear in the seminal vesicles. During the 
second month gross examination reveals little. <A few necrotic germ cells remain 
but most. have disapneared and phagocytic or infiltrating inflammatory cell activi-— 
“ty is absent. A few bizarre cells still approximating ths basal membrane anpear 
to be spermatogonia. Sertoli cells are more numerous, The tubules now begin to 
‘shrink; at this time also the interstitial cells of Leydie are so prominent that 
some interpreters ‘think they are hyperplastic, Some of the snall interstitial . 
vessels show the most marked vascular change of any part of’ bhe bodly; beneath the 
distinct thin endothelium is an eccentrically located mass of eosinophilic 
homogeneous refactile material that may almost occlude the lumen. This change is 
often best seen near the tunica albuginea and is present also in cases of the third 
and fourth months, ow also the interstitial tissue is less but still prominent. 
The basement membranes are quite thtsk, wavy and acellular,. The tubules; now more 
atrophic, are often hyalinized.. Elsewhere Sertoli colls have replaced the germ 
.cells, which are rere, During the third and fourth months it must be remembered | 
‘that the state of nourishment is poor and that svecimens from the Dachau German 
prison wer have been described as showing simikar testicular. chan; BESe> 

OVARIES: Changes 7. are much less gemiicee Gross changes, “except as. We 
part of the hemorrhagic phenomena,. are actus even to the presence of a well 
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developed corpus luteum of pregnancy seen about the end of the first month after 
irradiation, . Histologically, primary ova are usually present and only occasional 
specimens have a few atretic prinary follicles,.’: The absence of’ developing fol- 
licles is a. ‘usual conditions There are no corpora lutea ard the "resting phase" 
of the entometrium reflects this, Amenorrhea was distinctly increased in 
Nagasaki and a significant number of abnormal births and increased death rate of 
ane mothers in relation’ to distance frou. the. enphonlan was found, there, 


fae GASTRO-INTRSTINAL? “This tena is. “among the ‘tinak bie show “ross lesions: 

Even before hemorrhagic manifestations the cecum or colon, particularly, may pre- 
sent a widespread change marked by swelling, greenish and yellowish-grey coloration 
and in@uration of the mucosa, sometimes with a diphtheritic membranous effecty: “and 

- with much submucosal edema, Later ‘mucosal hemorrhage may institute another cycle 
of similar change in the stomach or intestine, This change may begin with ulcera- 
tion of .the mucosa at ‘the site of ‘the he emo rrhage and progress to an ‘ulcerative or 
pseudomembranous process. Again in the third and fourth months an enteritis most 
usually in the large intestine but sometimes affecting also the small intestine or 

_ occasionally the stomach may be the most prominent lesion at autopsys In the small 
intestines only the tips of the folds. may be first. involvéd.’: These first Look. like 
“thoy have been dipved in boiling water and then become ereonish or yellowtgh-greye 
Fewer specimens of reacts intestine have a diffuse mucosal process. 


‘The ‘large mveweine in this Late. stage usually has & more widespread process. 
that may extend from the ileocecdl valve to the rectum the. involvenent being nost 
prominent in the distal portion. The: thickened wall is a feature. Ab diphtheritic 
menbrane and ulceration are sonetines present. 80. that. the morphology is quite 
similar to that of bacillary dysentery. It seons that nuch of the process here’ is 
not only change fron irradiation of. the sensitive intestine but to the lowered 
local ability to cope with omnipresent intestinal microorganisns and; probably, : | 
more important, to the Lowered antibiotic eli of wae ‘Bloods. , | 


; ‘Microscopically the epithelium early contains extremely biaree cells with 
giant hyperchromatic nuclei and multipolar mitoses. The swelling is seen to be 
from edéma an’ the peculiar-coloration from the absence of infiltrating leucocytes. 
Late cases show areas of mucosal ulceration with much fibrin, few leucocytesy and 
in the remarkably edematous submucosa quite a few histiocytes, a few lymphocytes . 
and occasional eosinophils. Plasma cells of sug lanina Mk del ai earnky numerous 


pote SPLERN: The lymphoid Clements here Kenia’: to radiation ds ta the nodes. 
Harly the soli spleens are usually. small, but occasional ones show the very early swell 
ing reaction, On section they are Cgyk red,: little scrapes onsthe knife, the ' 
follicles are indistinctly seen and the trabeculae are somewhat prominent. Besides 4 
the near absence of lymphocytes, large nonoclears are increased and there is 
erythrophagocy tosis and -hemosiderin ‘doposites Daring the second month the spleen 
is small and follicles are absents There seems to be a syncitial reticulum around 
the follicles in which the:slizht. lymphocytic content of the. organ is seeng Ak * 
typical large mononuclears are found in about’ 25%. ° Through the fourth month there © 
is still some atrophys Occasional ri aR gh cd anpear and lymphocytic content 
shows some evidence of recoverys 
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LYMPH NODES: The high sensitivity of lymphoid tissue to ionizing radnbion 
results in tremendous atrovhy seen as early as the third day. Lymphocytes ‘almost 
disappear leaving a lacy framework that. is quite spectacular histologically. A 
similar picture is. found in the tonsils and other lymphoid tissue, Chanzes in the 
gerninal centers may be necrobiosis but a departure fron nornal is not marked 
except when the germinal centers disapvear . ag they did in threc-fourths of ‘the 
first two weeks! deaths., The early Bross | ‘appearance of lmman nodes is not known 
but bombed ‘animals showed some enlargenent, | softening and a paler color, By the 
second week large atypical mononuclear cells,. considered by one observer as 
lymphoblasts, appear; these cells lozi¢ally could be pathologic forms whose sensi- 
tive nuclear chromatin was deforned by the radiation. About the fifth week, the 
nodes are usually large and almost devoid of lymphocytes .and germinal centers,» 
Bizarre: large cells are more numerous... Plasma célls, eosinophiles’ and mast-cells 
along. with increased numbers of reticulum cells are Perennn ‘Lymphocytes ar® more 
numerous in the fourth month but still reduced, . soe y 


BONE MARROW: The del alae widens of Leesiiatan bone marrow is tremendously 
changed during the first weck after the bomb explosion, There is almost total 
disappearance of blood forming elements excepting small islands of erythropoiesis, 
which are less sensitive. By the end of the week reticulum begins to. proliferate 
and differentiates first into lymphocytes and plasma cells rather than myeloid cells, 
This type of differentiation is predominant until the fourth week when mysloid 
differentiation is scen, Most marrows of those dying before six weeks are hypo 
plastic but a few show hyperplasia with maturation arrest. Most of the fatal cases 
of the third and fourth months show hyperplasia, which in the femur is grossly 
evident as pink marrow extending from a third to half of the shaft; in these the 
maturation defect decreases and more neutrovhiles are found in the peripheral’ 
blood and in infected tissues. A few of these older cases, howerer, show aplasia 
with pink gelatinous femur marrow, Some grossly appearing hyperplastic marrows 

are really hypoplastic, the pigk color coming from dilated blood vessels, Whatever 
the marrow picture there is usually a profound leukopenia at some time in those 
patients dying in the first six weeks, Later leukopenia does not persist and even 
those who die develop ne eae except for the few that have anlastic mar ROWE. 


SECONDARY BFFECTS OF RADIATION OF RELI CVLO-S1D0' WOOTHEL IAL aL SYSTEM: Homorrhagig 
lesions, and leukopenic necrosis affect the irradiated “body about the end na of the — 
first month, mainly. The pharynx and its connections, the gastro-intestinal tracty,. 
the respiratory organs an“ the skin manifest both changes; in addition, particular: 
ly the urinary tract, mesothelial linings, and muscles, “ut including all body 
soft tissues, show petechias, purouric patehes or large ecchynoses, These changes — 
are outstanding clintcally, Severity denends on the location of. the larger 
hemorrhagic lesions, HYemorrhages in the lining *s of the pharyngeal regions, of the 
bowel or of the urinary tract give siens externally, Large submucosal hemorrhages 
as well as petechias appear in the kidney felves and in the bladder and sometines 
in the ureters, _Hemorrhages breaking through epitheliuna of bacteria-laden surfaces 
often initiate the neutropenic necrotizing lesions which in the pharynx are 
similar to the well known acute agranulosytosis, Ulcers sometimes extend on to the 
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Pius, the gums, buccal membranes y lips, ,and; even. the ae td. “hive: ‘the -picture of 
noma. Such ulceration also begins. independent of: henorrhages - Tt-4e. probable that 
bacteria ordinarily non—pathogenic may “Cause: serious consequences on the loss of 
sufficient ‘réticulo—endothelial reserves. - Ulcerative lesions throughout the 
stomach and intestinal, tract are:on a similar basis, ag indeed, it appears that. . 
many’ of ‘the’ diffuse mucosal chanzes ‘may bes The necrotizing: pneumonia appears to 
“be ‘a part of this picture. There is little leucocytic « ‘reqetion in these lesions; 
which melee the’ patient, and lead. to ebagiee “* case history use in is as fol- 
lows: =: Py ed | 


This aqutrcussolt man was at: distance of 0. PT tes He was outdoors a few paces 
from a concrete’ building. He was struck by a falling roof which inflicted s1i; sht 
injuries of the head and neck, There was. nausea’on 6 August and on the same day he 
vomited between 20 and 30. times. | Malaise began on 6 august and lasted until the 
10th, accompanied by anorexia, Ho again éxnerienced malaise beginning with 21 
August unbil: time of death. Anorexia appeared 4 dyys after the second onset of 
malaise, There was epilation and gingivitis on 21 August, which persisted, The 
gingivae began to bleed on 30 jugust. On the 25th there began’ purpuric manifesta— 
tions and there was evidence of tonsillitis the same day. Both of these symptoms 
lasted until death on 1 September. There was hich desree of fever between ol 
August and time of death and there was cough and sputum beginning on the 25th, - 
with a. henoptysis on 30 August. aes 


’ 


LARORATORY DATA: | BBO ie lott Rebs acta 
So 5 gp ie eatin P| opt Mabe Maen 370 
26 Sugust aoe. ee" , oe (ee | 4.50 
29 August ee on See 
30 ae. : om si Asiies 4 220° 


“he. fini examined. on 29 August, was positive for a ae and negative for 
sugar, No:  otegadee is made concerning selinent, 


duethene. ne marrow in this patient, derived apparently from a cavity of a 
long “bone,: ‘are hyperplastic, showing vascular adipose tissue crowded by very . _ 
large numbers of: young myelocytes, Mature PUL yio ximekaee Oe leukocytes and even 
stab cells..are'rare,- There is an occasional megakaryocyte, Occasional cells are 
found in mitosis, A-few small cells of shrunken imoled Veo vaiet to be normnoblasts 
also are found. . . Other important lesions at necropsy were petechiae of skin, 
epilation of scalp, focal necrosis of pharynxy, tongue y tonsils. ané ‘Larynx, ROOT 
tizing gingivitis, . an.absess in the region of the ei oht mandibular joint, ze: 
necrotizing and hemorrhagic » aplastic pneumonia, minute bemoetbagee of gastro~. 
intestinal ead trachea and renal PeumaNs a: 


PUBLIC HEALTH ASPECTS OF ATOMIC BOMB 


Dr. Edwin G, Williams. . 


It is indeed hard to think of the group as other than made up of indivi- 
duals. It is an equally difficult’ ‘concept to regard the individual human being 


without giving somé ‘consideration to the fadt that he is a member of society. 


Public Health is that branch of medicine which deals with the relationship of thé 
individual to the community and of prea oe to. the individual, 

The concept of public hé salth is fluid and chang ting. Some of you remember 
the "Hygienic" era with its individual, collapsible, and leaky drinking cups: The 
"Ssnitary" era with its ‘abolition of the roller towel and the introduction of 
comfortable toilet seats: Perhaps most of you recall the "Prophylactic" era and 
the lady~friend who said her boy-friend had.to go by a "station" to get a tooth 
brush, At the present time the emphasis is shifting from the ‘negative — absence . 


of disease: to the positive — presence of shit 


_ ASSESSMENT OF HAZARD © 


~+ 


ghrough it all permestes the bibeank insite of 2 gensral benification of the 
environment in which we live, The mere vastness of the scope of public health 
carries with it the danger of loss of perspective, This leads to the expending — 
of undue effort on relatively unimportant aspects at the expense of things that 


- should have priority. 


Public health finds its classical role in the control of the. transmitting . 


* agent. The word "control" is perhaps an unhappy’ ons because of its public con— 
notations. While reading that most fascinating autobiography "As I Remembes Hin", : 
' the thought occurred to me that I would be mach better educated if I were to read 
- algo the traffic cop's opinion of Dr. Zinzer. 
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You, as medical officers, will bs called upon to assess the hazard an‘ to 


advise. the command accordingly. .You.,will probably have the necessary physical 
findings supplied to you. The presence or the magnitude of the hazard will des 


pdénd.upon many factors, You will frequently need the advice of not only the 
physicist (Engineer Corps or other specially. trained lings officer) but also of 


' gucl disciplines as meteorology, geology tand oceanography, In damp or rainy - 


weather there is little dust, therefore ground contamination will not be as 
serious from an internal (inhalation) standpoint as during dry conditions, 


In assessing the hazari, keep ever: ‘tn ‘mind that external ratiation is more 
easily *dealt: with than internal ratiation. You can guard against external 


‘radiation, but you must prevent internal radiations Decontamination. of the skin, 


‘though at times difficult, is far easier, than decontamination of the thyroid, | 


at 


lungs or bone.! fete 
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Personnel monitoring devices are of many kinds. Most usual at the moment 
are? 


ae Filn meters 
be Pocket ionization chambers 
Ge Pocket electroscopes 

d. Gciger-Muskier tubes 


Area monitoring instruments include: 


ae Geizertmsilor ttses 

be Slectroscopes 

Cc. Tonization chambers 

de Film meters 

e@. Dust or air sampling devices 


These will be described to you later, 
Let us assume that an area is contaminated, It may be contaminated withs 
(a) Alpha emitters, This will constitute a most serious hazard if such 
_ substances gain access to the interior of the body, There will he no external 


radiation hazard. 


(bd) Beta emitters. This will constitute both external sah internal ‘axdiae 
tion hazard ~ more serious per unit if internal, 


(c) Gamna emitters. Here again we must think of both external and ine. 


* ternal hazards: ~ more serious from a practical standpoint as an external hazard. 


(a) Combination, Conteninabian will almost certainly not ne linited to | 
one of the above types of radiation. | 


ADVICE AS TO HATING cree IN Ta | CONTAMINATED ARSA 


It must be eeaeaa that all food fant in the area is lanzerous, The food 
may contain induce!’ radioactivity. This is unlikely to be present in dangerous 
quantities because of generally unfavorable reactions, and because of short half 
life of many substances, You as medical officers will, however, probably be cc: ‘Lled 
upon to give an opinion in these matters. 


‘The food may have deposite1 radioactivity and this is most likely to be the © 
case, Here, as in many cases, decontamination will be impractical or impossible, 
Canned or otherwise protected foods may be eaten only after careful inspection 
and rigorous adherance to detail of removing the food from the protecting agent. 
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If it is necessary to bring food into the area, a high degree of laboratory 
precision must be maintained in the handling of it, 
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If possible,. no water should be drunk in the area, If canteens are to be 
taken in, troops must be drilled in the matter of drinking without contaminating 
the mouth of the canteen, Larger amounts of water may have to be taken in - | 
this greatly increases your responsi bill vy's, ‘Sal | . 


The water in an area may be oh tai nated” as apart of the ‘zeneral area 
contamination or may have becone contaminated upstream. What can be done about 
decontamination? 


le. PHYSICAL 


(a) Boilins: This is obviously useless or may be harmful, It is 
unlikely that all contaminanée'. will be volatile, Boiling will 
then serve only to concentrate and increase the contamination. 


(b) Storage: This time-honored and often successful method of water 
purification, thouch useful for short lived isotopes, is impractical 
for field operations and of little benefit for long-lived isotopes. 


(c) Filtration: Here we may be somewhat moré hopeful -— especially hops— 
: ful that experimental work will be done and the value of filtration 
as can de applied in the field be established, 


2. CHEMICAL 


In the sense of applying the usual water purification ‘Avestan (culorine) 


this is obviously useless, 
36 PUYSICO~CHEMICAL 


If we can combine precipitation and filtration, we may greatly reduce the - 
load on precipitation. Here again methods must be developed that are 
applicable in the field, 


PREVENTION OF DISSEMINATION 


Prevention of dissemination by personnel is often of great importance, 
The underlying principles are always the same and may be illustrated by a dise 
cussion of the evacuation of an erea, 


a. Decontamination center for srea evacuation, . 
(1) Clothing change and bathing facilitics 
(2) Laundry (decontamination) facilities 
(3) Monitoring facilities 
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De . OL entering contaminated zone. - ’ 
(1) Remove all clothing (or ‘outer: ‘asthe 
(2) Leave all smokes and eats behind — 
(3) Go to Wdirty".. side, and put on work clothes | | \ 
(overalls, hat, gloves: and: poate). . , | he ae 


‘ee On fearing ot ea iered poled, 


(1) Remove hat-and: gloves _ 

(2) Wash face, neck, an and hands thorouchly fivo tines with | soap and 
‘ . water 

(3) .Remove remaining clothing 

(4) Soap and thoroughly wash entire body five times 

(5) Go to monitoring room (»etween shower and clean: side) : 

(6) With permission of monitor go to clean side and put on 

original CLONE RES, i late 
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MEDICAL RESEARCH AT OPSRATION CROSSROADS 


Captain Kk. H.. Draczer, USN 


It is ny intention,. at this tine, to briefly review the activities of the 
Naval Medical Research Section of Joint Task Force ONE, Operation CROSSROADS, My 
remarks will necessarily be of a general nature. More in the way of details concern— 
ing the pathology and hematology of the Bikini animals will be given later by 
Commander Cronkite and Lieutenant UVllrich,. -. 


The Medical Research Section was organized under the Director of Ship Material 
in January 1946 with the object to conduct experiments concerning atomic bomb effects 
upon biological materials, including aninals and endeavor to intervrot the results in 
terms of: effects unon personnel, 


Karly in the ileal of the work of the Research Section, it became evident 
that a separate ship would be required to transport and house the large nunber of 
laboratory aninals needed to evaluate the bomb hazards, A ship was requested and 
the USS BURLESON APA~67 was assigned to the section as an. aninal and laboratory shipe 
The holds were converted into large animal apenrere and troop spaces into a rat 
room and laboratories.. 


The staff of ‘the section consisted of 22 scientists including 5 Army and 11 
Naval officers as well as civilians. Its-nucleus was selected from the staff of the 
Naval Medical Research Institute which also served as the center for planning and 
for the collection of material. Of the 96 enlisted men, 40 were selected for their 
farm experiences 


The decision to use animals in the Bikini experiments brought an avalanche of | 
protest in the form of hundreds of letters to Admiral Blandy, The American Humane 
association requested. that animals not be used; failing this, they requésted ‘that 
they be allowed-to furnish a humanely trained veterinarian. This request was also 
refused since the services of a highly competent Arny vetorinarian, Cappaen. Re Re 
‘<inagpalee whom some of you no doubt know, had hroeae been obtained. 


Goats, pigs, and rats were chosen to determine the probable effects of the 
atomic bomb explosions upon personnel, These species were sglected because of their 
ability to withstand tropical conditions and because of the sinilarity of certain of 
their reactions to radiations to those observed in man, Dogs were excluded for 
odvious psychological reasons and the fact that it would have Deen impossible to 
obtain the number of animals in the alloted time. Experience has shown that pound 
‘dogs are apt to be diseased and therefore make unsatisfactory laboratory animals, A 
few cuinea pigs were included for comparative purposes, Mice of strains differtie 
in their susceptibility to cancer also were exposed, The animal colonies totaled 
200 goats, 200 pigs, 5,000 rats, 120 mice and 60 suinea pigs, A wide range of other 
biologic material such as insects, bacteria, fungi, seeds, antisera, toxins, 
bacteriaphage, vitamins, and hormones were included, In addition, 2 wide variety of 
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inorganic substances such as medicinal agents, soils, and. selected elements were 
included to determine whether or: “pot: they woulda becone dangerously radioactive, The 
medical and dental units of nost tarot, ships . were kept intact in order to evaluate 
blast damage. 


; The research acttveviey of the section were divided -into 6 categories? 
Statistics, biophysics, pathology, ratiobiologyy he natology ‘an’ photography. Spebttig 
" pesearch ‘projects were assigned covering’ the, various aspects of blast and irradi 

Sion injury caased by. an atomic: eae explosion. | 


The USS BURLESON sasted fron San Penson on the Ist of Juno 1946 arriving 

at Bikini on the ay on ying piney Pe : E 
ae Se ape le ae were. ‘éaloaver for the placerent of teat. maowiaia ‘AG: - 

representative of type at varied distances fron the center of the tar; get, Thsse 

ships lay along several radii to permit observation of wind and.other effect . 

Locations ranging fron the signal halyards to the steering engine. room: insure? that 

way messaitin of: exposure ‘of pansonhek nhonrt ship would be represented. 


‘The pddblogiend of test mortals ) donating of hundreds of tonsa: china teal 
get-ship location, presented a difficult problem, I+t was finally desided ‘to use” 
carvas packets containing the test items, well »added and enclosed in cardboard . 
mailing tubes, These packets survived surprising “ly well... A few.caught - fire; and. . 
burned, due to intense thermal radiations, >but the majority were ) retrieved quite 
intact with little danage. to their. rns sme é: ee B+ BOT 


Bekcet “plidp’ officers 1 ware: nantenée” the pabiona taller of me, NE and ‘re’ 
covery of aninals: and other test mat terials, Having their own boats and crews they 
were able. to make repeated trins to their assigned target ships and prepare. the 

chosen dogalitics, particularly,, fom the: haehek nee bicin i4- ch. Sees 


In es to. keap the exposure of . aninals. on targst ships at a ad adm y they 
were collectively placed aboard target. shins two to-three. days prior to Test ABLE J 
and’ distributed to the selected locations on the day prior: to the test. eho tograenany 
records were. made of all uname ‘and animal locatiogs. _— 


Our greatest concern was the possibility of. poutpdihétient of the test on wn | 
account of bad weather. sincé some of the animal locations were so. unfavorable as to. 
make survival doubtful if exposure wore to Long continuéd. Several . ‘days! supply cia 
food and’ water was provided. na | Say pase: bipoe Sae' i. 

Hotunadery, ‘the Test ABLE bomb was ‘detonated on 1 ‘vais according to schedules 
It was possible to reenter Bikini lagoon on the afternoon of ABLE day and begin our. . 
work of Tree vere of. the aninats bi was completed on. the. par teanS OS Reese Ree o 

About 90. va oe of the. aninals were ete vated: alive fron the tend sGtees 
following Test Ae Gosek ee ie 
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Those test animals which were oxposeil to apvreciable aiouhibe of radiation,. 
developed. much the sane signs and synptous of radiation sickness as were noted in 
the Japanese survivors of Hiroshima ant Nacasaki,. The first aninals to die showed 
atrophy of lymphoid tissue, often with ulceration of the tonsilse. Later there ap- 
peared a tendency to hemarrhage and severe enteritis, frequently so marked as to 
result in complete necrosis of ‘the mucosa and submucosa.: ‘ 

An attenpt was made to treat some of the anixals; multiple blood transfusions 
and penicillin were given. autopsies were performed on all animals that died and 
their tissues. preserved for micr»scopic SaaUSOAt tone. 


By the 20th ar. July id study of the Test ABLE aninals was overshadowed by 
the preparation for Test BAKER, Target ship. officers with their small boats and 
crews again went into action and animals and test material were distributed. Most of 
the animals, however, were purposely used for Test ABLE, The probability of radio= 
active contanination of the ships. and consequent delay in recovery made it appear 
unwise ,to expose many animals in Test BAKER. Only. pigs and rats were used, 


An attempt was made to provide about 10 days! supply of food and water for 
these animals so that —, would survive, even though their recovery was consider — 
ably delayed, 


On the 25th - July at a distance of 10 miles, on the USS BURLESON, we wit 
nessed the magnificent sight occasioned by the detonation of the Test BAKER bomb. . 
Ten million tons of water rose in a towering column, 2200 feet in diameter, to a 
height of 6000 feet. When the condensation cloud cleared, from the surface of the 
lagoon, we were indeed presented with an amazing sight. The column of water had . 
spread out into a mushroom form which gradually troke up and rained radioactive . 
contaminated water upon the target ships. This: gadioactive contamination was so 
serious that 5 days clapsed before all of the Test BAKER nines could be recovered, 


Some of the difficulties in recovering the Test ‘BAKER na may be of ine. 
terest, A tug was used to rapidly approach the radioactive target ship, keeping all 
pérsonnél. below deck or behind the Supers tructure of the tug. An organized group of 
alout-20-men then went to work, As’ soon as the tug was nade fast, ‘the target ship 
was boarded by a monitor who renained for a few moments only. He was followel by 
two men who opened the hatches, after which men went abo: ard, in pairs, bringing out 
a pig in a bag and two rat Cages. The whole said tet took: about. 5 ninutes and the. 
tug was freed by cutting the. linese : i / 

These Shinai received a nuch heavier dose of radiation than. andnars in con 
parable positions in Test ABLE, ‘They were exposed not. only to the. initial radiation, 
but also: to prolonged radiation due to the contamination of deck and bulkhead sur | 
faces with radioactive material, “As ‘a result of this intense radiation, many of the 
pigs died before they could be recovered and the remainder died soon after... The 
rats being about three times more resistant td radiation ‘than pigs, fared better and 
some of them are still alive. 


3 
(MRS PEGs £5 


Let us now briefly review the nature of atomic bomb igjuries, their classifi- 
cation and the conclusions which may be drawn from the animal experiments at Bikini, 


The explosion of an atomic bomb is associated with the liberation of an 
amount of energy equivalent to 20,000 tons of TNT, This enerzy is divided between 
‘gamma radiation and the motion of nuclear particles and light atoms, The harnful 
effects upon personnel depend largely upon the mode of transmission of this enormous 
anount of energy. <All of the three states of matter; gas, liquid, and solid are 
capable of harmfully transmitting this energy. 


If the explosion occurs in air, an air pressure wave results which travels 
outward at approxinately the speed of sound. Air blast injury to personnel may be 
caused by direct or indirect action. An air pressure wave of about 30 pounds per 
square inch, in the case of ordinary high explosives, will cause fatallung hemorrhage 
by the direct pressure effect upon the chest. Indirect injury is likely to be caused 
by the individual being struck or being thrown against objects in the vicinity, 


In the case of an underwater explosion, a water pressure wave is produced, . 
Water blast injury to immersed pérsonnel results when this pressure is around 500 
pounds per inch, Fatal lung hemorrhage or intestinal perforation are the result. 


Solid blast injury occurs when energy is transmitted through solid matter such 
as a ship's structure. In the case of an underwater explosion, energy is transnitted 
to a ship's structure in the form of a highly dammed flexion wave causing rapid 
acceleration of decks and bulkhead surfaces, Individuals standing on or in contact 
with such surfaces will receive injuries such as fractures of the lower extrenitics, 


Blast injuries produced by an atomic bomb are essentially no different from 
the blast injuries produced by an ordinary bomb except in nagnitude. 


The explosion of an atomic bomb results in an extremely high temperature 
comparable to that of the sun. Intense thermal radiations are, therefore, produced 
capable of causing flashburns of exposed individuals, This type of injury of the 
face and arms was common among the Japanese at Hiroshima and Nagasaki, 


Excessive keloid formation followed the healing of these burns and was thought 
to be characteristic of atomic bomb thermal radiation in combination with gamna rayse 
However, they sre now considered to be due to malnutrition and inadequate treatment — 
with prolonged healing due to secondary infection rather than any specific effect of — 
the atomic bomb, The Bikini animals offer no clue to this problem, Few of the 

animals were burned due to the protective value of fur, The burns which did occur 
were around the eyes, mouth, tips of cars and tail and were first or second degrece 
Healing took place without excessive sear formations. 3 


The unique hazard of the utilization of atomic energy is the production of 
ionizing radiations chiefly alpha, beta, gamma rays and neutrons, These may be 
produced at the time of fission or later from fission products, 


ee 
Si ae _ ee 


4 f 


MIRAMAR ft 
Rec ] RTC We wy Ly : : i 


ws? 


bs sSUI@TED 


‘Biologically, the: harmful effects of: these radiations are due to ionization — 
which is the liberation of free ele etric charges, positive and negative, within 
living cells, Bach ion produces,:on the average, a potential difference. of abowt 
30 volts which is pyr etog ent to. cause the disruption of chemical bonds. Since. Te 
produces about 4x10 ions per cubic centineter of air. and mach more in tissue, ' 
“foughly in proportion to density, it will be seen’ that a seribus interference with 
.the function of living cells is the result. The cells of the body vary greatly | +e 
their sueceptibility to the effects of this ionization, The stem cells ofall. 
eellular elements of the blood, particularly lymphoblasts, and the sex cells are the 
mdst sensitive,: gastrointestinal epithiliun is mdderately sensitive, while heart . 
muscle and nerve cells hardly respond at all, In general, it may be stated, that, the 
activity of a oe is Si eSeNty related to injury by ionization. | 


The more beers: a » cell, ‘the more: ‘dngjury produced. The sacchaain of a  Aivide 
ing pon is or er sensitive. 


«  Gamna rays are the noe penetrating ‘of the ionizing radiatio ons, requiring ~— 
from 1 - 2 inches of steel to reduce their intensity by one-half, The same reduce 
tion in intensity will be produced by < = 300 yards ‘of air, The lethal dose of 
Zemna radiation in man is fron 500° + ane Pe ~The presently accepted permissible dose 
of radiation is .l1 r per daye : ‘ac . it £efot hs 


‘Neutrons - are produced in the so-called chain reaction of fission. These are 
uncharged particles qf about the same size as the hydrogen nucleus, are leas ‘pene- 
bap ine, than. gamma rays and cause damage to living cells by ionization, 


Beta WENA as »rotons and aS oe particles are the least Buh Matai of the 
nuclear particles, Externally. their effects are largely exerted upon the skin. 
Internally in the form of fission products they cause ABOPEY by lonizations 


The products of fission are a series of stable and palttatat ave Eres ‘the 
latter predominating, These radio elements are also a source of alpha, beta and. — 
gamma Faves ae ; 

“Gamma rays and neutrons are the cause of radiation illness.’ The severity of 

this disease depends upon thé amount of radiation received. When the dosage is 

overwhelming, that is over 10,000 r,, shock—like symptoms develap in a. few hours with 
death oecurring in-1~2 days, With a dose of 500 to 1000 ry, symptoms may be delayed 
for several days, death resulting in from 1 - 3 weeks due to lowered resistance to 

infection: and hemorrhage. A dose of radiation | of. fron 1 =,200 r will be followed by ; 
delayed. symptoms and slow RESORT ; 


Blast injuries accounted for the dain’ of about 10% of the. large aia 
This figure is not very informative, however, since aeay of the animals were comple te- 
ly @itside the air blast injury range, aAs would be expected, indirect injuries were 
the most dommon. - It is of interest to riote that ths. ‘air blast wave from an atom — 
bomb canged injury at:a lower pressure ‘than an ordinary bond ects isc the prolonged 
duration the peor pressure. 
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Ionizing radiations accounted for the death of about 15% of the Test ABLE 
animals. Practically all of these deaths occurred within 30 days, The results of 
therapy’, multiple blood transfusions and penicillin suggests that beneficial results 
nay have been obtained, There appears to ‘ve: no definite sterility anong. the surviv— 
ing aninals, One pig, number 311, a female, placed on the Sakawa which sunk and is 
: allesoa to: have been found: swimming ‘in the ‘lagoon hours hight had, dr feb oy 2 
Rgenee: to were DEF RR Ere. He 

é one ‘was no- opportuni ty to. conduct ‘water blast oxperinonts and no 3 Anjurios 
of this type were aig ae : 


i. eae ‘Witete. were no deaths ‘@irectly oaued ‘by solid blasts however, a4 wipes of rats 
were Lost 4a Test BAKER due to the. destruction of siacingh water supply by shocks ke 


If a deep underwater atonic — ‘Send haa bisa heae, as was planned for Test 
CHARLIE, both water and solid blast injuries would no: doubt Pagid rege frequently 
encountered, 


. Atomic bonb thermal indi nad outside the lethal blast range, are a source 
wl superficial injury but shielding canbe readily Prone eds 


In order to evaluste the protective value of otcuel ia samples of cloth of 
various ‘military clothing naterials were exposed to atomic bomb thermal radiation 
upon swatchboards, As was noted in Japan, white cotton or wool materials gave the 
best protection; a single layer of this material ordinarily >being sufficient, Flash 
bumn cream, as developed by Doth the arny and Navy, was sinilarly evaluated and 
found to be effective. © 


: The section also attempted to make a wide varicty of. physical measurements for 
correlation with animal findings. These included gamma ray; neutren,. thernal i 
radiation and blast pressure. The latter, however, was a failure sinée the. gauze’ if 
heads were left in San Francisco, 


Grain, insects and. seeds and soils were , expoged. through the cooperation of 
the Department of Agriculture. No findings regarding the grain insects are as yet 
available, Cotton and corn plants grown from exposed seeds show nutations such as 
mottling of leaves and abnormalcromosones and mitotic FRSUT Oe “There was no evie 
dence” of abnormal - growth of plants in pyeunes bottes . ae as k. 
. * Neurospora sgcannd to a heavy dose of: donbenae! radiation aro being studied ‘} 
under Dr. Beadle at.. the California Institute of Téchnolosy, To date, about one ye 
tenth of the material: has been studicd and‘about 200, rutanits isolated, = a 


Routine clinical biochemical exaninations. were nade on. radiation 411 Rice? gt 
These findings were ies ia ‘negative, nck NE 


— REGERIGUE: 


Neutron Ladoed ail ashi ets may Be a hazard to personel ecanioing upon 
ships having been subjected to a nearby atomic bomb explosion, Medicinal agents 
containing sodium, phosphorous, bromine, arsenic, antimony, etce, may become 
dangerously radioactive if exposed at comparatively close range and should be checked 
for radioactivity before use, Such items as soap, washing soda, table salt, baking 
powder should also be checked for similar reasons. Due to the high sodiun content of 
glass bottles, these may show considerable radioactivity unrelated to their contents, 
Thus an external survey of medicinal supplies may be misleading, 
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THE DETECTION OF OVER-EXPOSURE TO IONIZING RADIATION =. 
BY PHYSICAL SXAMINATION At CLINICAL LASORATORY PRO- 
CEDURES. 


Lt, Car. EB, P. Cronkite, MC USN. 


_ In past years the potential sources of exposure to radiation were few, Now 
there are numerous sources of exposure: (1) diagnostic and therapeutic xray units} 
(2) industrial x-ray machines; (3) radium and its degradation products; (4) cyclo~ 
trons; (5) the chain reacting~pile; (6) radio isotopes produced by the pile that 
are being used in tracer studies, therapy and as sources of heavy radiation for | 
biologic systems; and (7), the atom bomb and its fission products, It is tnmediate— 
ly apparent then that the medical profession and public health authorities mst take 
cognizance of ‘the sources of exposure and. endeavor to establish means of prevention 
and recognition, The former is obviously of paramount importance and the latter. 
should never occur under nornal well controlled conditions. 


How is prevention ee ke Frevention is accomplished by careful meas 
surement of radiation intensities by personnel film badges, ion-meters, and mobile 
counters whenever radiation may be present, Personnel should be followed closely 
for presence of radioactive isotopes in nasal secretions, excreta, and on skin, 
Where radioactive gases may exist, expired air shoul’ be monitored, In brief, 
overexposure to radiation should never occur, Signs and symptoms are late. Condi~ 
tions conducive to excessive exposure should be detected by »hysical measurements 
before cellular damage is sustain@d, However, accidents may occur; protective 
regimes nay fail; and in the advent of atomic warfare many will be overexposed to 
rigrh ri radiation regariless of precautions, 


What are the signs and symptoms that may develop? Medical history reveals a 
sad ‘story of scientists learning of the hazards of radiation by personal experience, 
The incidence of radiation burns, ulcers, and. superimposed cancer in the early 
physicists and radiologists proves the necessity for careful supervision, The ine 
cidence of aplagtic anerias in x-ray. technicians again proves the necessity for 
supervision, The greatér incidence of leukemia in physicians at large and in ration 
logists in particluar, points out the pdssible hazard of long continued mininal 
radiation aad potential harmful cumulative effects, 


The effects of. over-exposure must be divided 152, % the So8x8 and chronic over= 
exposures, The exposures may result from any tyne of radiation externally or 
internally applied. The overall picture will be a function of the rove as rate of. 
delivery, and depth dosage, OES ae : 


The acute over~exposure may be defined as a single total, Mbiay exposure of | 
more than 50 R delivered within a period of a few hours, The signs: and.. symptons © 
that may develop: vary with the penetrating ability of the radiation and the anount 
absorbed, 
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If one~receives:..a lLargé..anount of soft x-ray or beta rafiation to the skin, 
one may develop anything from a slight erythema to massive vesicle fromation and 
destruction of the full thickness of the skin. The injury will resemble thermal 
burns to a certain degree, 


Similar cutaneous injuries can be caused by more penetrating radiations, but 
in-addition one will develop other signs and symptoms as follows: There may be 
diarrhea, nausea, vomiting, headache, anuresia, purpura, and last, secondary infec~ 
winien due acid to the leukopenia, 

the latent period before the development ‘of symptoms, the frequency an’ the 
“geediltg: of the above, will vary with the anount of radiation absorbed, The latent 
“ period will be inversely proportional to .the anount of radiation absorbed. The 
“symptons and signs will be directly proportional to the amount of radiation received 
upto the point that the latent period becomes so short that thBre ‘te Ansufficient 
tine before death for the entire picture to develop,  — 


The above signs and symptoms of acute over-exposure to radiation of a 
penetrating radiation are not eonstant and may vary. Sy and large, the best biolog= 
ic’ index of over-exposure to radiation is the blood. However, one must remenber 
that with the less pehetre ting external radiation, the blood changes are tet narked 
‘ gnc nay ‘be absent, oo 
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The plosa changes following acute exposures are fairly uniform, if the: . 
exposure is over 100 RU. The changes with smaller amounts of radiation may be 
missed, if careful, repeated observations are not made at frequent “intervals, There 
is, however, a uniform response to amounts over:100 RU that is roughly proportional © 
to the amount received, up to a maximum response in the absolutely fatal dose range, 

. The response is a prompt decrease in the total lymphocyte count that is detectable 

, within a period of a few Hours. The decrease attaim a uaxinum within seventy-two 
_ hours or so, recovery may or may not occur, depending’ upon thétamount received. | 

-Another quite constant. phenomenon is an initial neutrophilic leacocytosis due to _ i 
mobilization of the neutrophiles and perhaps accelerated naturation and release fron 

‘ithe bone marrow, It is reported by sone workers” that the leucocytosis does not 

oceur with massive amounts of total hoadg: radiation, over "900 R in some aati: 


' The changes in the numbers of prabaieda and red cells and morphologi¢ cides od 
“OF the leucocytes are less certain: 4nd vary so much with the dose and the. wureieel | 
_ tine that they will not be gonei derpa in this lecture. “ag? + psdaienl | 


The acute blood changes can ie pi Me 2 as eolicwet- If no drop “th tho. peat 
total lymphocyctes is detectable in the first 72 hours, usually the first ob hours, © 
one can state with certainty that’ the exposure to radiabion, has been small and | that 
serious illness will alnost assuredly 1 not, occur. “+ uy Fe : 
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The.. chronic. over-exposure to coaxibie radiations presents an entirely” 
different problem. The chanzes that occur are insidious and progressive. In . 
fluorescopists, - radiochenists, or radium handlers, the following may develop on the 
hands: (1) an increased brittleness of the finzernails, (2) an increased tendency 
to develop longitudinal ridges, (3) loss of integrity of the fingerprint by patches 
of atrophy, (4) impaired sensation, (5) pigmentation. However, by and large, as 
with the acute exposure, the blood is, the best blologte index of over-exposure to 
radiations . 


In order to evaluate the blood picture, one must establish sone sort of norm 
for the average human being, This is most diffidult.for the human blood is very 
variable. Leucocyte counts of 4,000 to 16,000 are o¢casionally found in people who 
are in every other detectable respect perfectly healthys The differential counts 
vary considerably with’ age and may remain abnormal for many months following infec= 
tious mononucleosisy Red blood counts, hematocrits, and hemoglobins similarly vary 
to a great extents The 014 tine honored. normal values. for homatologic measurements 
probably include 80 percent of a given population within the uppe# and lower limits 
of the ranges given in standard textbooks, The 20 percent of nofmal individuals 
outside of nee range will cause considerable consternation in & radiological safety 
programs ; 


How does one determine blood chanzes that may-ba dike to chronic dyes -dienoiiinall 
First, one should have base line counts on all who could conceivably be exposed. 
The counts should be done at monthly intervalsi Notations on the occurrence of 
Golds, infections, etc., should parallel the blood records, One is then in a better 
gg pd detect relative chanzes in the blood of a given individual. 


“What are the hematolosic criteria for presumptive evidence of over—~exposure 
ta: gablation® . The following are offared and have been-hased on standard normal 
values, peesone) experience, and Pid et chanzes that have been described in the 
literature} . eae? 

Uy, A depression of the wae below 4 000 
Dy, ‘An elevation above 15, 000 with an absolute sot relative lymphocytosis “ 


3 A relative lymphocytosis with a low total count Sees return to nornal .. 
following removal from exposure 


4, An increased mean corpuscular volume (MCV), a shift in Price-—Jones curvs 
to the right, an increase in the mean corpuscular diameter (MCD), 


5e A reticulocytosis over 2 percent. 
6s An erythrocytosis 


a. Red blood count over 541 maf crm 
be Hemoglobin over 18.0 gms. % 
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If any of the above six criteria develops in an individual .who has a definite- 
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ly established base line and who is associated with radiation, it is presumptive 
emetande of PER Texposars to radiation until proved ‘OSRCEWAR OS: 


; Many ‘other. phenbrisae have been sugesated as hematologic evidence of overs 
exposures 


Changes in blood coagulation, prothrombin tines, platelots, and morpho— 


logic changes in. leukocytes (toxic granules, basophil c staining, and vacucles, the 
toxic ‘triad) have all beon offered. It is axesedingly difficult to were the - 
importance and the diagnostic value of these chanzos. . 


J <Iihe fifth maneuver may yield more infornation than all the other blood changes 


The actual evaluation of chronic, exposure @@ any given individual in terms of 
changes within the blood cannot be done with absolute certainty, The following 
procedure ney yiold holpful information: . 


fo (1) 


(2) 


combined, 
means of the leukocyte counts of a group of people during known chronic exposure as 
‘compared to’ the base line means, pasti cal ably if ‘the difference is a downwards 
tren, one can’ then state with some: assurance that ‘thers. hag, been chronic over. 
~expostire to radiation, the can. state that the dgvelopnent oF. the above. presumptive 
signs. in the: mean: leukocyte | counts for a group must. be considered . as ‘evidence of sd 
OVETrexXpo sure: until proved otherwise, The main’ bulwark of protettion | from. radian ~ 
tion mas t : venenn pet control and measurenent by eatatitehod monitoring oil 


cotures. * 


Remove the suspect fron all possible sources of radiation. 


Study: breath, excreta, ‘nasal swads, otc., for the presence of radios 
active a ee doing difforontial radiation countse 


Study the blood at weekly intervals ‘a compare de the tho apse +408 


counts. 


Endéavor to @lininate other factors such as infoctious mononucleosis, 
infectious lymphocytosis, virus diseases, benzol poisoning, neeyy, 


netal ‘poisoning, oes | ale be 4 


ea others that ay have been sinilarly exposed ok compare the 
* base line nean. leukoeyte counts with, ‘the L apeag mean counts*for the 
: “hgh @roup . : : ; . 
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If one can demonstrate a statistically significant differenee in the . 
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EVALUATION OF THE FIVE ATOMIC BOMBS 
"by Major Maxwell Dauer ,MSC 
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le INTRODUCTIO¥ 

The atomic bomb has added a' new terror and devastating force - 
to the arsenal of war, ‘and has increased many fold the number of . 
potential casualties which the Medical Department might+be called 
upon to handle in. the event this weapon of destructian is employed — 
in future warfares National security makes it imperative that. each 
Medical. Department ‘officer understands the salient fundamental facts 
regarding the medical effects of an atomic explosion. It is essen. 
tial, therefore, that pertinent medical information on the problem . 
be disseminated ‘to the personnel who will be charged with the roe 
sponsibility of.caring for" the sick and. wavnded resulting from the - 
use of Beery Wonpons'e. 


2° EMPLOYMENT OF THE BOMB 3 


.The atomic bomb is primarily a strategic weapon nad the pow 
of target and method: of emplayment requires evaluation of a considerable 
nuniber of factorse Thus far,- five atomic bombs have. been: detonated. . 
Three of the bombs were detonated under test conditions, while the 

: ether two were aexnartes over the cities of. Hiroshima and. Mepeenict 6 

The first _bomb was set off adel experimental conditions from. 
the top of a tower at the Trinity Site, Alamogordo, New Mexico, on 
July 16, 1945. The second bomb was dropped on August 6, 1945, from 
a tikelentieyins, B+29 bomber: on the target city of Hi voskiigh Over ‘e 
four square miles of the city were instantly and completely: devastated; 
66,000 people were dead or missing and 69,000 were injured. Three 
days later, on August 9th, another Be2g aceweed an atomic bomb on 3 
Nagasaki, totally destroying one emd one-half square miles of the citye | 
The number of persons dead and missing in Nagasaki totalled 339 ,000 
and 25,000 injured. The fourth atomic bomb was dropped from @ high. 
altitude by - & Bs29 on target vessels assombled in Bikini lagoon on 
July l, 1946, and the fifth was detonated underwater ‘on July 25, 19466 
Test aitiiae 1s placed’ in various locations -on the target vessels ee 
important data on the bomb effectss This work was done under the © 
supervision of the Naval Medical Research Center and periodic reports 
have been releasede A considerablé- mass of valuable medical data 
has been obtained: Much of this “information is in the process of 
evaluation and analysis and will«be published soone In addition, a 
comprehénsive report will be released in the near future based upon: 
the findings ‘of a Joint Comission report on the medical effects. of, the 
bombs on “Hiroshima and Nagasakis Considerable information on the 
entire. subject of ‘atomic energy, including medical effects, hes 
already been publisheds . 
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Evaluation of the Five Atomic: eure 
Se ACTION OF THE BoM, ST eee 


When a mass of fissionable material equal to or greater than 
a critical size is’assembled, a violent detonation will occur when 
the fissionable mass is exposed to a neutron sourcee fhe sub- 
critical mdsses of fissionablé material must be brought together 
rapidly in. such a manner go. that ‘the critical. mass will carry out 
a chain reaction and detonate. . ‘The: bombardment of. each fissionable 
nucleus: by neutrons results in’ the formation of two fragments known 
as fission products. The nucleus does not split into the two’ same 
fragments each timee Therefore, as a result of the. figsfon process 
and chain reaction of. fissionable material,-many radioactive sub+ 
stances (fission products) are liberated. The, sui of the masses of 
these fission products will not equal the original mass of! the split | 
nucleis The difference between. the ‘fission products formed and the. 
original mass represents the mass of the nuclei that! has beon convert~ 
ed into energy in the form of blast, heat, ee reset, ime ‘ote vi 
and deep sacing nuclear particlese 


that detonation, of the atomie bomb generates a. ‘awl wave of  : 
high pressure «. The -bomb also liberates. an enormous quantity of — 
electromagnetie radiations and neutrons «: The electromagnetic radiae | 
tions include infrared,: visible light, ultraviolet ,y- X-rays, and’ ‘gamma, ue 
radiation. Thereafter, the fission products ‘raed during fission 
process emit gamma nays and beta particles. The unfissioned bomb” 
residue emits alpha. particless. Substances bombarded by neutrons 
released .at detonation,.whigh become: ‘radioactive (induced radiow piee 
mobi vity yy. I alee emit nuclear particles — — PAPE « 


ne 
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A rae fraction of the’ “ettinia rays: is emitted to the first ‘féw 
microseconds of. the atomic emplosion. ‘Neutrons also accompany ‘this ° - 
Yoaiction, The intensity of neutroris is hegligible at.a thousand yards, 
due to strong absorption in airs In ah underwater burst, greater 
absorption oceurs which results in induced radioactivity of thé."séa" 
waters Of the constituents of sea water,.only sodium is of any. 
signifieance, and even this element is hazardous for only a Limited — 
periods ‘duc to, nie ‘short half-life of 148 hours'e 

“At detpealbiony practically all of the deena gamma paayatticn: 

* reléased and the remaining small fraction of the total dose is” 
given off by, the resultant fission products which rise rapidly in’ 

the -benb clouds... The columi of radiating fission products and come: 
bustioh material, ‘rapidly rise vertically into the air‘and begin to 
mushroom'-out: when ; the temperature of: the :columri is. equal to the 
temperature of: the. ‘surrounding, atmospheres ° The. climatic and meteoro~ 
logical conditions will: govern the diffusion, - dispersion and radia ay 
tion activity of the cloud. ‘The’ fission and unfissioned, material in 
an airburst will be distributed in the atmosphare, while. in a subs 
surface wiaterburst, the adjacent water, ships dnd land facilities ‘ino 
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proximity to the.detondtion will be sertously'contaminated. Fission . 
products in the cloud. may be dispersed as fine particles of varying 
Size and depending ‘upon many factors, fall-out of the’ radioactive _ 
material will occur on nearby arease The fission products, therefore, 
present a continuing health hazard for a considerable time as an after~ 
math of the explosicane In general, irrespective of the tectinique of 
bomb detonation, radioactive materials emitting alpha and beta particles 
and gamma rays will -be encountered. The half-life of these substances 
will range from a few. seconds or: minutes to days, months or even yearse 
Violent changes in temperature, strong magnetic or electric fields, and 
drastic chemical interactions have no effect upon the rate of trans= 
formation or emission characteristics of the radioactive substences If 
an element is radioactive, it yee decay asics according to its 
‘inherent: 75 5 age Se ‘ : 
In the subbewicce detonation of the bomb, thousands of tons of 
water rise in a colum, a few thousand feet in the air, followed 
immediately bya rapidly moving mass of*water, constituting the base 
surgee Tho turbulent waterg contain a high percentage of the fission 
products and unfissioned residue. Immediately at detonation there is 
an enormous amount of radiation emitted. Tho falling column of water 
and mist, depending upon wind conditions and depth of detonatioz, 
contains a high percentage of the fission products and unfissioned 
residue which can seriously yeataninats an area of several square miles 
for a considerable periods 


The omission of infrared, visible, and ultraviolet light occurs 
a few milliseconds after the Riakowh thie The ball of fire, in. the 
airburst, grows rapidly in sizes As it grows, its temperature and 
brightness decreasee Several milliseconds after the initiation of 
the explosion, the brightness of the ball of fire is several times 
the brightness of the sune Most of the infrared and ultraviolet. 
radiation is given off after the point of maximun intensitys The 
ball of fire rapidly expands from the’ size of the bomb to a radius 
of several hundred feet at one seqond after the explosione Thus, 
the infrared and ultraviclet radiation comes in two bursts 4 an: 
extremely intense one lasting o fraction of a millisecond and a less 
intense one of much longer duration lasting several secondse .. 


The heat from the flash in an airburst. occurs in a short time, 
and since there is no time for any cooling to take place, the tem» 
- perature of a person's skin can be raised 50 degrees centigrade by 
the flash of infrared and ultraviolet rays in the first millisecond 
at a distance of over 4000 yardse .People may be injured by flash 
burns at even greater distances» Gamma radiation denger does not 
extend nearly so far and the neutron danger zone is still more limited 
High skin temperatures result from the first flash of high intensity 
infrared and ultraviolet and are probably as significant for injuries 
as the total dosages which come mainly from the second, more sustained 
ball of fire, 
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ike MAGNITUDE OF EFFECTIVENESS UPON PERSONNEL: 


For Hil oe, ut in the open, witbin. a half-mile of. Sages do} 

of the airburst detonation, death would. occur almost instintaneously .. 
or within a few hours due to blast, heat, and ‘radiation effects > 
Within a radius of /oneehalf mile ond one perce from zeropoint, some; ~— 
individuals would die instantly, while a great majority would be. 
seriously or superficially. ‘injured. . Ordinary houses and structures. . 
— suffer. complete. destruction or, extensive damage and fires would. 

reak out everywhere s. Outside ° of & radius of one’ mile and’ “within ce 
one ig of two miles from geropoint, “personnel would suf fer various; 
degrees ‘of \injury..due ‘to..flash’ burns and, indirect ‘blast ‘effectse Outh. 
side a radius. of, two‘miles: ond within ze radius. of four: miles, personnel 
would be injured by. flying fragnents and. suffer superficial wounds + » 
Gtrbatureg Loam be hadt or: partially. destroyed be hates this radius e 


keane ry em sim lige’ to Washington, De Coy was’ dttagked Cer ah 
art i abalbe bomb © detonated in the air, it is, estimated that 57,200. people. 
would™be killed or missing and 59,400 Aaiunede « The proportion. of: ype 
of i SAREE: w uld be as follows 
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hege percentages ». of sowka, - would not por ap: 0 ‘Loog because many 
of the pebaney. ‘ae have’ ousbipse Anduriose- , ar 
In 7 main, . awake, aud injury: to porsonne! resulting fron the. ae 
explosion would be as. sidebar “ 
vs ‘ge Flash denn fron the instantaneous infrared OMe -vnneerlare 
ultraviclet t radiation from the. AROSE SS ‘and Beegnds avis “ 
pinay: Tapes. started by the bursts cs. pO RS ah ag  PEw 
bes Bieae ands ‘Atnet: anival injuries bab sad - collapse of ker 
buildings, : falling roofs, crumbling’ walls). ‘flying’ ce alice 
_ debris s- ‘glass,- dircet, and indirect blast éffects . 2: | 
resulting: in. fractures, lacerations» Sonbustoah, pees ees 
é apRaeToOsy:: vend other: offects. s 
ei Headation: ingutios. aud to snip ode radiations ag 
“the .detonation,*prélonged radiation from the viet 4 
resultant fission products, .and radiation. neutron — 
» induged redioisotopsas 
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‘ EFFECTIVENESS UPON et a 


4 Spel ying: the results of studies of physical en to the citios 
, of Hiroshima and Nagasaki to American cities, some interesting com= 
parisons can be madee Of course, no two cities, whether in Japan or 
in the United States, are exactly alikee However, worthwhile comparisons 
can be mades The differences in terrain, layout, zoning, density,: and 
type of construction can be. adjusted to arrive at comparable damage 
statistics. In general, the: most striking difference between American 
-and Japanese cities is in residential districtse Much of the damage 
‘can be applied to American cities and these figures would indicate. 
,what would happen to typical wood, brick, and stucco structures e’ 
Modern reinforced concrete and steel frames would fare bettere here = as 
they did in Japane. The following table focuses attention on how American 
cities are built and how few buildings are of blasteresistant construce 
tione papeant acm densities are also ecihainbd 


\ 


TABLE » aR 
Types of structures Lad: SAN. 
by in hata materials NEW YORK WASHINGTON CHICAGO DETROIT FRANCISCO 
Mhineatenron ‘Reported 591,519 3 156,359 582,628 267,677 105,180 
Wood ‘ . 236,879. 48,971 151,148 165,488 ©..61,172 
Brick i . . 299,482 95,939 238,959 94,333 . 2,384 
Stucco =» « .  MLy6eh - 5,764 5,797 1,925 40,902 


Other materials «i: ae ROF 5,685 6,724 69385 sia aR 


Population Density 


Population’ - 7,492,000 663,091 3,396,808 1623,452 634,536 
Area Sqe Mile + ERs 32228 $164: 206 «7 137 09 4.96 
Population Density | 3 : ’ toss Bian 
‘per Sqe Mile’ ig 23,200. 11,000. 16,500 11,750 14,250. 


6e THE RADIOLOGICAL HAZARD: 


In general, any radioactivity which remains in the area:as fission 
products or induced radioisctcpes may.be included in this class,: Fission 
products from the airburst bomb may be dispersed in the ground, -or spread 
out over wide and diffuse areas depending upon the technique employed in 
the detonations Consequently, the degree and extent of residual radiow™ 
activity would depend upon the height of detonation, -climatic and metoore 
ological conditions conducive to fall-out of the products in specific 
area, and the nature, and composition of the terrain,e : For example, due 
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to the height of the detonation, certain prescribed areas of the bomb 
crater might remain hazardouse. Also, due to the ‘composition | of ‘ground, 
dust particles intermixed with fission products might rise in ‘the clouds + 
Many of ‘these “dust particlas" might also -become radioactive as a result 

of neutron. ‘bombardment eshangey at detonstion and thus contribute to the 
sccosealed fie Oe Gees up : nat j 

When’ the: banb is detonated over 8 madsen yee which coubalian count~ | 

less thousands of items composed of iron, zinc,» copper ‘and other “neutron | 
capture materials," it is possible that many. of .thé elements within the. 
effective neutron range may become radioactive for a considerable periods: 
The| ‘half-lives of some of these comnon, elements and the radiations emitted 
are listed, : ‘ 


* 
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SABLE IT 1 eifot 6 it 
PARTIAL LIST OF SOMB COMMON RADIOISOTOPES 
= | WHICH MAY BE PRODUCED BY NEUTRONS 
Ja mn Go ag ,.... RELEASED AT DETON/TION 


‘Radioisotope, __.. "Half-Life Radiation ©» 
CO ee at ie ae eg) he? 
‘. Sulpnarrst 3g oo. he Rey Gis «TS fe Betars 4: pau: 
Calcium = 46. = he . 180. days’ : | Beta, Gamma 
Iron = 59. . A ORYE 6 BA) - Beta, Gamma . 
Cobalt:— 60 — 5ed years < . ; Beta, Gamma 
Copper 64 l2e8hours 05.25 ! Betpeecroresh oon, | 
he Arsenic oat ae . | 16 days Bota, Gamma. 
~ Gold = siti ‘ 2 oe rt i care: ' Beta, Soles 


ota tharerore, cise or materiel,:which might survive the detona~ 
‘tion should be handled with precaution (medical supplies containing 
sulphur, arsenic, étce) until the degree and extent of the induced 
radioactivity is determined. In some’ oases, it is possible that . 2 
: ee products are also present and are SPDe FIDE: to the. materiale 
ns . In an, underiweiter ‘burst, the main heer’, ~ Boxaéwedn deto nation, 
: ites due’ to the deposition of a large percentage of fission prd-.. « 
. duets in«the water and on nearby objectse’ In addition radioactive 
soditm ‘is. ‘formed by the action of neutrons on the sea. waters: Some of 
_. the’ more persistent and hazardous oer Sish sasaiags ‘Of dhtritas are Jisted 
a in Table Tile". : Soke ; 
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’ TABLE a 


PARTIAL LIST OF FISSION PRODUCTS OF U+235 
(dour ¢ Amere Chem. Booey Vol. BB, Noe 11, PP 2411-2441) 


Fission Product Half-Life F Radiation 
Strontium = 89 55 days Beta 
Strontium ~ 90 25 years Beta 
Yttrium = 91 57 days Beta 
Zirconium - 95 65 days Beta, Gamma 
Columbium = 95 55 days Beta, Gamma 
Ruthenium = 103 42 cays / Beta, Gamna 
Ruthenium = 106 lyear . “Beta 
Cadmium e 115 44 days: Beta, Gamna 
Cesium ~ 137 O35 years Beta, Gamma 
Barium = 140 | 12.8 days Beta, Gamma 
Cerium — 141 ~ le eS Beta, Garma 
Cerium ~ 144 275 daya * Beta 
Neodymium ~ 147. . 11 days 7 Beta, Gamma 
Europium = App yes z years : | Ri ide Gamma 


From the foregoing, the radiological hazard can be divided into 
two phasese The first phase includes the immediate or prompt release 
of any ionizing particles or radiations due to the.explosion during the 
period of visible flash of the bomb. These prompt ionizing radiations 
include beta particles, neutrons, X-rays, gamma (to a slight extent - 
ultraviolet), alpha particles (from unfissioned bomb ré sidue) and the 
ionizing radiations from fissicn productse After the flash of the bomb 
has subsided (a few seconds), then the dclayed phase of the radiclogical 
hazard is of importancee The hazard here is from: fission and unfissioned 
material and:from radioelements induced by neutrons from the explosion. © 
The nature and persistency of the second phase depends on the many factors 
already discussed as to mode and technique of detonatione In addition to’. 
the phase of the radiological hazard, the protection problem. is dependent~ 
upon whether the radiation sanearned is external or internal’to' the bodye— 
Alpha particles for example, prosent roe xternal hazard. However, if — 
alpha particles-are inhaled and finally become fixed in the on id ige 
ing upon the amount, the results may be lethal. aT : 


It is obvicus that very little cin be done from the ‘atandpoint © 
of protection for personnel in the open within tho lethal range at’ j 
the instant of detcnatione However, in the second’ phase, when fission ‘ 
products and induced radioactivity might be encountered, « few facts ~~ 
concerning the ionizing particles areof interest, 
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'. @ABLE IV 


° 


RELATIVE COMPARISON Of RADIATIONS. 


+ Range wiacelvet % 
Nature Deseription . Air Tissue : : ‘Ionizing Power* 
Alpha” *-Helium nucleus Ool ft ee cm _ 105000 
_  * &-protons & HEE a ee ae 
 ® ‘heutrons 
Beta. Electron emit- 10 ft 1 om a 
/ #e& from nucleus : : iba 
Gemma, " .Blectromagnetic 1000 ft, 10 om wire % 
radiation from a bese | ” 
ANGRONS iF, a 


oe 


*Note ¢ For bach ion pair formed es a gamma ray, 10, 000 ‘ion pairs - 
are formed Wiss an alpha. Partin ses 


The 3 pe thadeo protection against gamria radiation by shielding 

is given by lead, iron, concrete, earth, water and air, in order .of 

effectiveness . Using the gamma radiation from radium as an illts- 

tration, approximately five times. the thickness of concrete is: required 
to equal the, protection afforded by a layer of ,leadg... here’ no shielding 

is available, "distance" is. the best means: ‘of protections “It should be 

noted: that neutrons pass through lead with extreme easee'' However, 
neutrons are readily absorbed by hydrogenous materials, a iat Ae 
or ARABS ee , 


2 To _ THE. FLASH BURN EFFECT: 


ae a ee ee the injuries ‘aie to flash burns gia the infrared 
and ultraviolet causes a higher percentage of casualties than the. radio- 
logical effect due to the greater range‘of the flash burn types of 
radiation. Light shades of lovsely-fitted clothing, antiflash cerca 
and protection ef entire surface of body will reduce percentage of 
- casualties. : ‘Protection by these means of course will not reduce effects 
. .of burns produced by Secondary fires in buildings or facilities. Problem 
here is to.minimize the snount,of..material of inflammable character to 
& minimum practical to the situation. In. this connection, materials 
which ignite easily should be. avoided. in the: design | of equipment intended 
for military operations. Flash burn is not a factor in an underwater 
detonatione me 


1ed préviously, it is itaposdhbie to alter, speed 
rate of decay Sf 8 radioel ment (fission pro: 

isotope)» Fission products tenaciously cling to porous 

ich as concrete, wood, fabrics, rope, padntad “and Yusted | 

hard surface materials, such a. stainless steel fare 
enination isa tedious and difficult probleme 
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ae ia Howard’ Andrews th \ hence heii aie 
The detection. and measurement of high energy radiation depends entirely 

, ines ‘he proper use of suitably constructed instrunents since nature has not seen” 
fit to provide ‘nan with senses capable of responding to ite Without ins truncnts | 
even: cabanas radiation fields will not be recognized mays t Arroparable danage has 
been aes ‘te photographic filn. cand a few special methods - are excepted, all 
detecting devices are based upon the lonization produced in gases by thie “inoi= 
dent radiation, When an ionizing agent enters & gas, it may act on a neutral 
aton or aeunoele with a force large enough to remove one or more electrons from 
the oe It is most probable that two ions will be ene aft so it yet cuss ) 
tomary to speak of the formation of ion pairs. The average energy Lees per ie 


pair in air is _ 33 electron VOR ts.” 


* 


If ions are ‘formed in a gas nun to af slectric field, they wilt nove 
in | opposite: directions; -— negative, ions toward the positively chargot ‘werk gs 
and the positives toward the negatively charged cathode. Phe current flow ow wil 
be oxtronely geal and’ = scial measuring devices are. gaat to detect is : 


Botause’ of the mutual attraction':.of oppositely charged. particles the rg is always 


a tondoney for fone to ‘recombine:..and form neutral atoms, wing chance of reconbina 


.@: 
“« 


tion is greater the Monger: the tine before the kena reach the electrodes, The 
fraction Lost ‘decreases with increasing. VOLEREA» and eventually all of the Sam 


are collected so there is no .furkher inerease in current.. This condi tion is 


ra J f 


known as saturation, ‘and ‘ths Leresaaatae current ie called the sosaralece SAERARS, : 


ABE a BUCO J 


es 


‘RESTMOTED 


Instruments for measuring the amount of’ electric charge collected in an 


ionization chamber are known as electroscopes and electrometers, The Lauritsen 
electroscope hig one nh the most generally useful instruments for radiation 
measurenents. The moving system is a quartz fiber about 5 microns in dianeter, 
7 made conducting with a thin metal coating and conenbed ‘bo one arm of an Le Mutual 
repulsion sini the quartz fiber to deflect. Tons formed neti the case will 
“neutralize the charge and the fiber will return toward its uncharged position, 

Another useful quartz fiber instrument is the pene’ type slentiveiies or 
dosimeter, This is essentially a Lauritsen electroscope modified so that the 
ities. Conteonant ie adit the size of a large fountain pen. Instruments of this 
type are “very ugeful ‘for measuring integrated exposures, They can de sade with 
a-sénsitivity such that 0.1 roentgen will produce about one half of full scale 
deflection. pearl hie 

ee chamber Kihaenaiin von widely depending on the nnethhaale 
Ribs. of ‘nodtatain te bo deteckeds Ghost wende yadiothon te etatahet & the 


- 


chamber through a suitable window, Thin mica ee stretched nylon film snail 
0.0001"inch thick is satisfactory for dighaSadbdcieas if beta reshicias Aue Me 
be Gubiieetly ‘the windows need’ not be so’ thin. ‘When a photon enters the tom i 
dice’ anh 44 ciediteds igi spect eVachtons are profuced which SMuiNe ‘ase 
the,fas in the chamber producing ions until their kinetic energy is epents Fen 
0,2 ae Senin this requires a chamber about 20 centimeters in diameter, | 

A anal portable chamber should have the same absorption for X= and zamna 
rays as, the ate dn the standard shanbes and should also have the equivalent ie : 
the long air paths for the absorption of thé high energy electrons, Chanber 


walls are regularly made of bakelite or plastics which contain a hich percentage 
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of ORE HONE o> Aisne “tae tissue is composed. chiefly of carbon, oxy#en, 
pereceens PF: PRAT OEEN such an instrunent will simulate absorption by the body. 
Ionization st a da Sa on these considerations. are known as thindle chanbers. 
as Pubbiiie tin. thimble chamber instrument is the condenser ganna jeter, 
_ The condenser gamma meter is not entirely satisfactory for survey purposes, 

The chambers must >be charged, left in the radiation field for an appropriate 
time, and then read with. the meter, If a large contaminated area is to be sur-~ 
veyed, the number of chambers. required becomes exorbitant. This requires an 
instrument which will give a steady. deflection that is’ proportional to the alive 
of radiation striking the chamber, Unfortunately ionization currents are too 
small to be measured with portable meters, and it is necessary to use other means, 
| It is perfectly feasible to measure currents of this order with suitable vacuum 
tube circuits. - 

Geiger—Mueller (G-M) counters take advantage of the gas amplification 

that éeis be obtained when high accelerating voltages are applied to an ioniza~ 
tion chamber, When an‘ion has an energy greater than the ionization energy of 
the gas molecule, it may produce secondary ions upon collision. fis seaanaaee™ 
ions formed will in turn be accelerated by the electric field ana may pp oes: 
further ionization, This cumulative effect ie known as Townsend or i 9 
" fonization, If 4 ‘total of A ion pairs results from one original kes, Ml 
procéss is said to have a gas yo hate age factor of &Ae In practice A varies 
from about: 10 in cane? tiled photoelectric cells to 108 in sone Geiger-Mueller | 
counter tudes, At a pressure of 10 ida enw of mercury, aon omg ation 
can be ohtdined at vettarns of 250-1, 500 volts depending on the gas and the 
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tube dimensions. GM counters usually have a ey teioeea cathode from 1 to 10 
centimeters in diameter with a length from 2 to 1Q times the diameter, The 
anode consists typically of an insulated axial wire 0.00l~inch to 0,005~inch 
ae diametor.s 

Assyme such a counter exposed to a constant amount -of radiation, each 
ionizing particle. or phaton having the same energy. Bach istibine particle 
entering the chamber will produce a definite number of ion pairs in the gas, and 
these ions will proceed to the collecting electrodes where they will be neutra~ 
Aged. and will produce a of current in the external circuit. If now the 
‘size of the pulse is plotted against the voltag e applied to the electrodes, a 
curve similar to that of figure 1 will be obtained. Regions A and B represent 
bie normal ionization chamber working conditions where the only ions contribut-— 
ing to the ‘pulse are those produced by the orte ginal radiation, Over region C 
there is some gas amplification occurring very close to the central wire. In 
this Region the eeaewis aap httage ton is betas sheds for winks given voltage and 
anon. not Aopend on the nunber of And ited done presente Thus if the voltage is 
adjusted to a a such that Bs Zas iis eMac factor is 103. 204, an 
‘eednent beta particle cnaliaanin 100 ion patsy, the pulse received at the elec i 
trode will be 100x10°=102 ionse Coker the same voltage sist beeen an rent | 
particle producing 10° ncineey ion suds, will yield a pulse of ce i tony 
Because of the rather strict proportionality between the amounts of initial and 
total ionization this portion of the curve is known as the region of proportion~ : 
ality, and & counting tube operating in this region is called a proportional 
counter, A: proportional counter ‘Gan “be 2ugédt6 ‘Measure alpha-particles or 
neutrons ‘in ‘the presence of strong béta and gamma radi&tion. 

ae 
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If the voltage is raised still further, the gas amplification factor 
will continue to increase, but in region D the amplified pulses are no longer 
aiscowtionad to the number of primary ions, A sort of saturation effect begins 
to enter at this point and consequently a few primary bon will produce nearly 
as many total ions as are obtained from a large number of primaries, There is 
still some difference in final pulse sizes however, so this region is known as 
the region of limited proportionality, 

The gas amplification continues to increase with further increases in 
voltage, and region D alii changes to region EB where all proportionality 
ceases. Here a single ion pair is sufficient to produce an amplified pulse of 
the same size. as that obtained fron 5 large number of sana jons. This is 
known as the Geiger region: and is characterized by «as amplification factors of 
the order of 10°. This is the portion of the tube characteristic commonly used 
for iebiich beta and gamma radiation, The akc dass usually extends over 
a range. of about 200 volts. When still higher voltages ‘are used, the region of 
continuous discharge, F, is reached, In this region the tube is too unstable 
for useful dpe and care must always be taken to keep the tube voltages 
below the continuous discharge value, tohngped the tubs does not go into 
se pe eoniiaieds but rather Me 6 a series of closely spaced pulses from P 
one initial ionizing event. 

‘a second type of characteristic curve is helpful “in n understanding shee 
operation in the Geiger region, Assume’ the tube to be shncnad to a iaaaliieaciet 
radiation intensity but with the incident particles or photons having onatoak 
energies. Pulses per second when plotted anatnet the ‘mpplied rlleaals yield a 
curve similar to figure 2, in pe | 
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Figure 1 - Ion changer pulse size — ier Ficure 2 = GM tube characteristic 


versus Voltages Sep heaae uate ae 

The associated electronic equipment for recording Hee number of pulses - 
will not libelit to the snall pulses produced in the. ionization: ehamber region 
ais iis there is no eas anplifigation, : Consequently the curye wil] have a thresholdy| 
A, below which no pulses will be recorded, ms the voltage is raised and the gas 
amplification becomes appreciable, the most. energetia. particles will be counted, iH 
but the weak ones will bé lost, ‘This is the region of proportional counting AB. : 
As the zas amplification continues to increase with voltage, more of the less” 
energetic particles*will be counted until point C is reached, C is the 
threshold of the Geiger vaetoe CD, and .here practically every particle. entering 


the tube Laé obttibed ‘Dis the threshold of the continuous discharge regione — 
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The Geiger region CD is known as the plateau, and it is obviously desir- 
able’ fora tube to have a long, flat plateau since aie ¢he sonatite rate does 
not depend strongly on the applied voltegss To obtain desirable plateau charac~ 
teristics the filling gas and pressure must be carefully chosen, and the central 
wire must be free from dust, sharp points or diemarks, aanees ve water vasor 
are particularly undesirable and must be completely renoved before filling, 
Argon is a very satisfactory gas and is used in practically all counters, 

Near the central wire a large number of elections and positive ions will 
‘be formed in the avalanche. The electrons have a small mass aad are already 
elees to the central wire so they will gees’ tauaee it with high velocities and 
will be completely collected hy the wire in 10-5 seconds or 168s. The positive 
ions, on the other hand, have to travel out to the negatively charged cylinder, 
Since they have compare tively large nassos, they move much slower than the 
electrons, The positive ion cloud will reach the apiinaer in perhaps 10~3 seconds, 


long after the electrons have been collected at the wire. 

As a positive ion approaches very close to the ovlinaee: “Gt will pull an 
electron from the cylinder and gig a neutral woieedie. In general the electron 
will go into one of the “upper energy Levens so the molecule, although neutral, 
will be in an excited state. The molecule will, however, promptly return to the 
ground. state and in so dctga 4k radiate a characteristic betien cr spectral” 
lines. Some of these lines will be in the ultra-violet region of the spectrun 
and sonsequently will have sufficient energy to liberate photoelectrons from the 
metal cylinder. With high tube voltages a single photoelectron will be suffi- 


cient to start a second avalanche and thus the entire process will be repeatéd 


over and over again, 
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It is possible, however, ‘ta construct ‘counters ii which the’discharze can 
be stopped, These sare known.as’ self-quenching or fast counters, A self-duenching 
counter can-be produced by adding to the usual fillinz fas a small amount of a 
polyatomic vapor, ‘such as alcohol or xylene,: These complex molecules ‘stronely 
absorb ultra-violet light, and by this mechanism the ‘photoslectric emission at 
the cathode, is prevented, Most of the polyatomic molecules introduced to make , 
self-quenching lacie divs vapors at ound: Auabewatns, and these counters os 
apt to aay eter vee which changes with temperature, “A further sadvan~ 
tage lies in the fact that some of the quenching gas is teolesn, down (@issoetatea) 
at each discharge, and so ‘theese counters have a : Pitted fe. A very satisfac 
tory self—quenching counter can be made by filling the tiabo with 10 needont 
alcohol sand 90 percent argon to a total pressure of 10 nendtuataie of aoroury 
With a srdmetidliuiatintte tube an orm ‘circuit must be eal to stop ss : 
discharge. 

Any counter will give evans when chilies to comin field, but vetter 
ee iAsbabe WRN ehevtarly designed vabeas Se deteas plow neutrons 
the dotuter is filled with boron trifluoride, BPS, tide is a wer hen gs roow tee a 
perature.: A slow neutron may produce a nuclear reaction with the ‘porone This 
reaction liberates a considerable amount of energy, and the er particle pe 
the recoiling lithium will have ‘suffictent kinetic enerey ‘to pacha hoavy ia 


ionization which will trip ‘the ‘couriter,. a. using the erase in the proportional 


range it is possible to obtain a count: for each disinteg ration even 20, the 
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presence of large peta and gamna eee The capture probability decreases: 
with the neutron velocity 80 the vautkin is not efeiéient fox fons noutronsy 
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Fast neutrons may be detected throu ‘the recoil atome which they produce 
when they: collide with the gas atoms in om ote The recoil atoms produce 
-. intense ionization, and hence if the counter is adjusted to the proportional 
range, the counter will discriminate against beta and garima radiation, Fast 
neutron counters have a ne low efficiency because of the low cross susie 
for the collision PFOCeSS.e Neutron counting is complicated by the change in 
‘behavior with velocity, and the present neutron counters are far from satisfac 
” tory. - 

‘ None of these devices Zives an absolute measure of Vaddattonstemmeionl 
It is therefore necessary to calibrate them in terns of known standards, This 
‘. not difficult if a gamma ray calibration is required in tenis of roentgense 
It has been established by careful measurements that 1 milligram of radium, in 
equilibrium with its products and enclosed in 0.5 * Viilebcte of platinun or its 
equivalent, will produce asinine of Bei roentgens per hour at a distance of 
1 centimeter, The inverse square law can be used to calculate the intensities 
at other distances, Standard ‘ray sources, properly aged and carefully 
calibrated, are available from the National Bureau of Standards, Calibration of 
X-ray measuring instruments should be carried out against primary oteldied 
ionization chambers or carefully calibrated secondary standards by a well-equipped 
Aahonibary such ss National Bureau of Standards or by a palaaviacinebhneut 
manufacturer, ae ats 

oe making alpha and beta particle measurements quite different considera- 
¢ionh ‘neh, Radioactive materials emit particles in all lirections with oyu 


probability and in general a chamber or GM tube will intercept only a fraction 
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of the total emission, For example, if the active material is spread in a thin 
layer on the “hottom of the chamber, only onewhalf of the ejected particles will 


reach the gas and produce ionization. It is then necessary to calibrate the 


’ 


chanber in terns of a known radioactive material, Various members of the native 

ly radioactive series are useful for this purpose, ee 
Photographic materials are also important tools for the measurement of 

wateatiés since high speed particles and high energy photons produce developable 

images,’ Although photographic films and papers lack the accuracy attainable in 

the laboratory by electrical methods, they still play an important role in radia~ 

tion measurements. A film is one of the simplest detectors of radiation, is 

anit and light, can be obtained with a wide range of sensitivity, provides a 

permanent record of exposure, andhas no conplicated electronic circuits to get 

out of adjustment, For many applications these facts more than outweigh the 


disadvantages of film processing, the time required to obtain a measurement, and 


the variations inherent in photographic materials. 


TABLE I 
Useful sensitivity 
Bnulsion: range (roentgens) - 
PYRO: Bins 3 0. 05-2, 0 
Type A 1. 0-10 
Cine positive 5301 5-30 
Cine positive fine grain 5302 | ~400 
Kodalith 6567 70-700 
Kodabromide G~3 . 4O0-8,000 
548-0, double coat ) 2,000-10 ,000 
548-0, single coat 5,000—20,000 


Table I lists a series of emulsions that have proved useful for measuring beta and 
gamma radiation, It can be seen that a single emulsion will cover an. exposure 
range of about 1-10, 
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Photographic film meters are usually made into packets of dental film — 
size (11/4 x 1 3/4 inches) and covered with an opaque wrapping to protect the 
film froin visible light. - Any combination of suitable emulsions can be put into 
a single packet. A cross of thin sheet lead about 1 mm thick is customarily 
attached to the packet. This absorber is sufficient to stop all beta particles 
so any darkening under the cross will be due to gamma rays, The cross also serves 
to enharice the darkening due to gamma rays because of the larger nunver of elec- | 
trons ejected from the lead, The regular wrapping is sufficiently thin to permit 
the penetration of + but low enerey beta particles. Thus the film can be anal 
to measure both deta and gamma ORPORUTER » | | 


In. general, tim progasa tng is carried out in BeCoF Mae isan the manu 


facturers! recommendations, Dut variations may be used aS Seas imnaiuies 
procedure is used, it is most haaceat ks control tims ioger Sees as 
accurately as possible. The developer should be in a tank surrounded by a con» 
stant temperature bath, and the films agitated throuzhout development. The 
importance of time and temperature control, scrupulous darkroom technique, and 
the use of fresh chemicals cannot be overemphasized, 

Sieciel emulsions are now commercially available which are almost insen— 
sitive to visible light, beta and zamma radiations, _ which will respond to 
heavy particles such as protons, deuterons, or alvha particles. These particles 
have such a low penetrating power that the emitting substance must be placed in 
direct contact with the emulsion. These emulsions are not used for —e, 
eibenbine but rather to detect alpha particle contamination, These emulsions 


will detect alpha particles in ths presence of strong beta and gamma radiation, 


reg ete es 


(oRAD 2 But, Oriel vy) 
“and under conditions that make the operation of electrical ‘alpha ‘particle 
- Yetectors uncertain if ‘ot inpossible. © sili 
-. 53" with weak exposures’ the plate will not be uniformly: darkened* and: individyal 
-@ipha particle tracks can be seen: in a microscope, Since alpha’ particles are 
“mitted with an enerzy characteristic of the emitting nucleus, the track lengths 
“tray frequently de tised to identify the alpha ‘emitter, - 
: The rebtotn Putin smulsions can be used to make radio~autographs of speci 

mens containing radioactive materiale, ‘By eibseine sections of the specimen it 
2s peedeele YW bstuina ts desennbottikad pi itaticn as tt, icwever, it 

mus t ve emphasized that the resolving anne of photographic salliatioge for dabei 
3 mining the precise coptihon is Liuited, oni it is scarcely possible to determine 


r 


the location of radioactivity to less than 1/100 ume 
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PROTECTION AGAINST ATOMIC BOMBS 
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In considering protection against atomic bombs the words pro= 
tection and defense arc almost synonymous. We will treat this sub- 
ject by dividing it into two (2) broad categorics: passive defense 
and active defense. Because of the nature of this conference ompha-~ 
sis will be placed upon those factors bearing n relatively close — 
relationship to weeAGAsiey For completeness, however, othor aspocts 
will be mentioncd, } . 


It is important to realize from the vory beginning that the impor- 
tant effects of the atomic bomb agrenae which te i must be: Salesian 
oped are: 


1. Blast or Shock tins 
Be Visible and Seckcbagt is Rndlntion 

Se Nuclear Radintion 

4. Psychological affects 


I. IVE DEFENSE AND PROT 


EOTIOW: 


‘1. In considering all of tho effects of tho atomic bomb it should 

be noted that thcse influences all decroase in intcnsity oxtromoly 
rapdily as one moves away from the point of detonation, thus it is 
apparent that distance is always the best “protection. ‘In devising 
methods of protection one always has.the very difficult job of fight- 
am against this extromely rapid fall-off with distance of the factors 

capable of croating damagce 

- -Q. Primary shock, or blast damago, is defined as the com 

pressive and tearing action of the shock wave on the human body. 

Whon one interposes botwoon the blast and the body an object of 
strongth similar to thet of an ordinary wall, this form of damage is 
effectively reduced. Frinary shock is:thus of importance only when 

& person is in the open and cxposcd si:mal taneously to lethal anounts 
of other cffccts of the atomic bomb, Living things are remarkably 
resistant to this form of danago neg are much-stronger in this re- 
spect than normal buildings. Underground sholtors ond nortial ro-~ 
inforced conerete buildings protect against this offect up to very 
close to the point of detonation. This damage in its mildcst forms 

is s:en as petechial hemorrhages of the lung. In its severest forms 
Major abdominal hemorrhages appear. 
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b. Secondary’ shock or blast: damage is extremely. inportant 
and is defined as being due to flying objects hitting and laccrating 
the body, « shock wave is very much Like an extremely strong wind 
which lasts for about a second. This wind is strong enough to throw 
the body many feet. It also breaks windows, knocks down plaster, 
and throws other objects around with great violence. When these 
objects strike a hunan or the human strikes’an object, secondary 
shock damage, or trauma, results. There are many things that tho 
individual can do for hinsolf to reduce his chances. of this type of 
injury if he has some advance warning of the detonation. It is ob 
vious that he should keep away from the windows and that he should 
get flat on tho floor: or ground, Ono showld avoid standing under 
overhanging cornices,’ beneath chimnoys and other heavy objoets which 
are easily knocked down. Underground installations or shelters . 
groatly reduce this effect because very little of the air shock is 
transnitted through the ground -and thence into» shelters or baso- 
ments, In Japan, this form of injury conbined with burns accounted — 
for most of the casualtics, The rapid follow-up of the fire on tho 
blast damage caused nany fatalities anong the injured, Injurics of 
this type require evacuation, | ‘troatnent and hospitalization. In. 
the case of primary shock damage there is an amazingly small boun- 
dary.zone, One is either dead immediately or all right as far as 
this effect is concerned after a few minutes, - There is much that 
can be done in the design of vital: instollotions ne reduce damage 
from these secondary shock effects. nQ . 

Ce Flash burns are those injuries which are created by 
direct exposure to the visible and noar-visible radiation. emanating 
from the point of detonation. The thinest type of non-transparent 
material will shicld. effectively frori this effcoct. Light colored 
clothing is particularly food as it reflects almost all this 
radiation, Dark colored clothing will not ‘transmit. this radiation 
but will catch fire and produce'flane burns on the skin beneath the 
clothing. This form of damage is important only when the person is 
in the open and in direct line-of-sight fron the point of detonation, 
Because of the nature of the atomic bomb this form of damage occurs 
at. gheatey distances than those: ‘oetasod, ‘by any othor effoct.: 


d.: Flame burns arc those injuries which are producoa by 
fires ‘started in inflammable Material or: buildings. These offocts 
were very: provalent in Japan-but would bo oxpscted to occur to a” 
lesser degree” in an American city. The possibility offire and: sub 
sequent injury can be greatly reduced by making structures loss ine 
flammable, Also, the development of adequate and: larce amounts of 
fire fighting equipnent and trainod porsonnel can. furnish great. pro~ 
tection, To reduce this forn-of. danage it will -be-necosssry to. Have © 
fire fighting equipment and pergonnol so locatod thet a major “ioe GS 
portion will not be wipod out by the oan ee of: we 
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accounts of Hiroshima and Nagasaki points ‘out the complete inadequacy 
of Japanese fire fighting equipment and »vrocedures, In both cities, 
about 90% of the equipment and personnel for these duties. were wiped 
out immediately. Major offorts should be placed on reducing the 
possibility of this type of personnel damage, not only because of 

its capabilities of producing a very large number of casualties, but 
also because these casualties subsequently need even larger amounts 
of personnel and equipment for treatment and hospitalization, 


6. Nuclear Radiation. The utilization of nuclear radia~ 
tion in warfare presents completely new problems for both the mili-~ 
tary and the civilian. These effects are not only imnortant but 
complex. They constitute the primary reason for this conferences - 

In considering this subject we will break it down into several cate- 
gofies. The most important division is into external and internal 
hazards, Another division which is of imnortance and helps to clarify 
the situation is to divide these effects into immediate and delayed 
hazards, For all nuclear radiation effects the general statement is 
again pertinent — that distance is by far the best protection. 


(1) Prompt or immodiate radiation: By prompt radia- 
tion we moan those forms of damage which are pro- 
duced in a.matter of a few thousandths of a second 
after detonation... With the atomic. bomb roughly: 

99% of the nuclear radiation vroduced comes out in 
the first small fraction of a second after the deto-~ 
nation. These radiations emanate from.the detonat 
ing bomb and: the ball of fire is formed immediately 
afterwards. They consist of penctrating radiations 
which come from outside the body. Hence, all prompt 
nuclear radiation is described as an extornal hazard. 


Large amounts of. gamma rays come out almost 
immediately from the dotonation, radiating in all 
directions. These rays travel ina straight line 
as does light. They ere highly penetrating and it 
takes o large amount of material to absorb and 
stop them. It is of importence to realize the 
directional and shadow producing characteristics 
of this radiation. One does not ncod shiclding 
on all sides but merely between one and the point 
of detonation. In shielding against gamma radia~- 
tion the important thing is tho woight of the 
Material which is betwoon you and, the source. The 
chomical. characteristics of the constituents: are 
of no invortance., Lead'is often used in labora 
tories whore gamma recdiation or x-radiation occurs. 
This is a suitable substance because it occupies 
& very snall volume in comparison to its woight. 
Equal weights of water, steel, concrete or wood 
are just as offective cxcent for their space con- 
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suming characteristics. The effectiveness of a 
shield is most.often described by means of thick 
ness of the naterial which is necessary to reduce. 
the intensity to one-half (1/2) the initial amount, 


This is called the half-thickness of that material. 


It is usoful to know very rough half-thicknesses 


for common construction material. ‘They are: 


3" for concrete 
4" for wood or ocarth 
1" for steel 
Neutrons also constitute an tet ove hazard 
at the time of the detonation, They are not as ef- 


~- Lective at great distances as the gamma rays but 


(2) 


require consideration. Because neutrons are une 
charged particles, they are difficult to stop. and 
shiold against. Shiclding is not as simple as.in 
the case of gamma radiation because weight of the 
shielding is not the important factor. Instead, 
the important characteristic is the ability of the. 
particular chemical or clement to slow down and 
then capture noutrons. The neutrons which occur 
in the detonation of an atomic bomb are esson-~ 
tially fast noutrons, Substances such as cadmium 
and.‘boron capture slow neutrons to an amazing do 
grees .Bécause these neutrons are not slow these 
substances are of no particular value in defense 
against- the atomic bomb. The best substances are 


_ those with low :tomic woights. Hydrogen, the 


lightest of all substances, is the best; hence, in 


. shielding against neutrons the best substances for 
‘their. weight are those containing large amounts of 


hydrogen. ‘Such shields would bo materiols like 
water or pevaffin.. Vory rough half-thicknesses 
can be given for common structural materials and 
aro as follows? - . 
Somewhere between 3" and 19" tie steel 
‘About 6" for concrete, earth or wood 
cobhgut 6" for watcre 


5 tine dae like german ‘ways also travel ina 


‘straight line from the point of detonation, going 
-in all directions. . Honee the shiclding need be 


only between the verson and the sources 


Delayed radiation. Wo will considor here that ono 
percent of the nuclear radiation which does not 
come off immediately but which comes from the do- 


Gay. ef the fission products produced by the nuclear 
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explosion, In an air burst, where the fire ball 
and mushroon cloud containing the fission products 
go up in the air to be dispersed by the wind, this 
delayed radiation is negligible. In an underwater 
burst, or possibly a surface land burst, a base 
‘surgé like Test BAKER at Bikini will probably oc- 
cur, This-cloud noving along close to the ground 
‘contains a large proportion of the fission products. 
As this cloud sweeps out over ships or citics it 
surrounds buildings, people and equipment. The 
radiating matorial is then extrenely close to a 
‘porson, And.the relatively.-small anount of 
rodiation that is. left after the detonation is 
‘greatly enhanced because of its proxinity. This 
base surge, in comparison to the mushroom cloud af- 
ter the air burst, produces radiation intonsitics 


on the ground which are higher by a factor of thouw- 


sands, perhaps: millions, This is duc solely to 

the fact that the base surge can surround indivi-~ 
duals on. the ground. Whon it is roalized that at 
Test BAKER this baso surge moved over an area of 


--Youghly 5..square niles,: this is seon to be a very 


- real hazard, It, of course, takcs tine for this 
“eloud to move, and, as the radiation from it is 
only of importance when it surrounds the point in 
.. consideration,’ ‘there is availeble a varying anount 
of: tine in which to get out of the way or to dodgo 
the cloud. This base surge moves with varying 
speods, Initinlly it sproads out at about 50 mph. 
Lts.-spoed constantly decreases until it roaches 
gerd at its outer linits, .For this cloud to sproad 
over its naxinunm arga requires sevoral ninutes, 
If,one is in a city, reat protoction will be af- 
. forded .if once gots down into a basement or sub- 
‘Dasenent, ox into an air-raid sheltor,. It is of 
“importance alsq to note that this radiation fron 
the base. surge is non—directional as it comes fron 
all points inthe cloug, Honce, any shicld which 
is dovised mist. be on all sidos, including on top 
of, the. location considered. 


Dolayed ganna radiation from the. base surge 
‘“Lsisinilar to prompt ganna radiation oxccpt in 

‘ its non-directional charactoristics. The shiold- 
ing requirenonts aro sinildr to the previous situe- 
tion in that the saric half-thicknesses are applic- 
part ; mst : 


' There are. no dolaycd neutrons of significance; 
Hi tet special ertemvenil is:of no importance for this 
-problen, 
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In the delayed: situation we also have impor— 
tant beta radiation. Prompt beta radiation docs 
occur but does not travel a very great distance 
from the source because of the efficient shiclding 
furnishod by air. Whore the base surge is surround— 
ing the location in question, beta radiation is im- 
portant because tho half-thickness of air is roughly 


‘3oor 4 yards. Normal clothing furnishes sufficicnt 


shielding to beta radiation, Similarly thin walls 
and the glass in windows are adequate, It is of: 
course non-directional and cones from.all sides. 
Tho extent of the external hazard furnished by bota 
rodintion is not well understood. It is beliovoed 
comparable to that of gamma radiation when a base 
surge has beon croated. 


Alpha radiation, of course, occurs from the 
non—fissioned material; in other words, plutonium 
or uranium is its source, This radiation consti- 
tutcs no external hazard as the skin furnishes 
adequate shielding. All tho alpha rays are ab 
sorbed in the epidermis with no resulting danage 
to living tissues, 


Yuclear radiation (internal). With an internal 


hazard we have the situation where radioactive 


materials, cither fission products or non-fissioned 
material, gets .into the body through inhalotion, 


ingestion or injection. ‘This is, of course, a do 


layed hazard and is possible only where one is in 
the base surge, in the mushroom cloud, or working 
‘in an area over which the base surge has previously 


passed. The internal hazard occurs generally only 


where there is also an cxternal hazard. If one is 
exposed to the Dase surge or is in ihe mushroon 
cloud the external hazard is often lethal in its 
own right without amy consideration of an internal 
hazard. Particularly if one is working in a highly 
contaminated areca after the detonation, thore is 

a significant but not necessarily lethal anount of 
external hazard but there is also a very great in- 
tornal hazard. This is created by disturbing tho 
deposited material by kicking up dust and is usually 
gotton into the body through inhalation, «in addi- 
tional hazard oxists from cating with contaninatod 


hands and thus gotting the active matorial into the 
“Dody: through the nouth. - 


It is important to realizo that in tho case 


“of an atonic explosion on a small amount of this 
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active matorial it is in the form of a truce gas.or . 
vapor, Almost all of it oxists on particles of 
dust or droplets of wator. Protection against 
these particulates is probably achicved with tho 
use of ordinary gas masits containing modern: fil- 
ters. Those contaminated particles have » size | 
rango,of from 0.1 microns to 10 microns. The fil- 
ters on modern gas nmasits such as the assault mask 
are belioved ‘té be quite adequate, These filtors 
are extronely efficicnt. It is quite possible 
that now masks will be coming out which have ade 
quate protection for atomic warfare, biological. 
warfare and chonicel warfare. Such a development 
of ‘course is highly desirable. 


It is probable thet protective clothing will 
be required for workers entering contaninated 
arcase It would probs bly be permeable clothing, - 
Its main requirement is that it should be dispos-~ 
able. Its functions would bo to keop contaminated 
material from the skin and possible later cntry 
into the body. Disposability is dosirable.as these 
materials cannot be rendered harmless by any physi~ 
cal or chenical means, 


Collective protcctors with filters or incloged 
air conditioning systems are probably indicated 
for vital installations and undorground shelters — 
‘in anticipation of atomic warfare. Such itons 
would prevent the ontry of tho highly contaninated 
air of the base surge into installations which 
otherwise would furnish adequate protection aeganet 
the offects of the atomic bonb. 


The covelopnent of decontanination tochniquos 
and facilities is indicated to reduce the very long 
term possibility of pcorsonnel becoming contaminated . 
and lntor having active matcrial entor the body 
through the oral and digestive tracts. Such tech 
niques will probably consist of washing away, 
carrying away, or burying the active material. 
£, . Hducation. In an attack on a modern city it is bolioved 
that approxinatcly 50,000 nortalitios would be created by a single. . - 
bonb. It is felt that if the individual civilian and soldier in these 
cities or installations were adequately trained as.to what he cquld 
do for himself after the cetonation occurs, that perhaps 10,000 lives 
could be saved. Exactly how much and what kind of cduecation this 
requires is not yet known. It is bolicved to be relativoly, simple: 
and is obviously important. The development of atomic dofonse for 
the individual will be the subjoct of much work in the future. Also 
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of importance is the education of large numbers of personnel, both 
civilian and:military, for special jobs in atomic warfare, This re- 
quires a much*greater degree of education and will probably be given 
to such peeple as radiological safety personnel, medical officcrs 
and civilian doctors, civil defense technicians, cte. The method by 
which ‘the individual indoctrination and the specialized training is 
given will determine to a large oxtent tho psychological preparation 
which will be attainod ‘in a population, It is highly desirable that 
the proper amount of knowledge bo given to all so thnt there is 
created a propor rospect for the special hazards of atomic warfare 
and that we avoid tho undesirnble extromes of excessive foar or ig- 
norance, This will be » difficult job and the nation is far from 
9 this ideal aaa at the present time. 


Be <Alarge aitei of detailed defénso planning will be ro 
quired for protection of the nation, It will include large scale 
treining of such specialists as fire fighters, ovacuation control 
personnel, first-aid personnel, and decontamination groups. Large 
stock piles of food supplics, medicnl supplics and disastor oquip~ 
ment will be requirod in relatively invulnerable locations. Propara- 
tions will be requirod for mutunl aid’ between citios and major in- 
stallations, 


~ ie All groups, Civilinn and ak diney) will nood to be 
oquipped and trained in the dotecction and isolation of contaminated 
areas, This new hazard created by nuclear radiation is the one 
hazard which may not be detected by any of the physical senses. It 
requires epturAs instruments and special considerntion. 


i. With sufficiont Mwiootiaanenon and oa fow ninutes dene 
warning that an attack will occur, it is quite possible that a 50% 
saving in mortalitics and casualtics can be effected. This cstnablishes 
the fact that development of advance detection techniqucos and warning 
signals is of the groatost: importance to insure tho continuation of 
our present oxistonco. 
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me Of less diroct importance to the medical profession but of 
the utmost importance to the nation is active defense, which by its 
nane means -the actual provontion of an atomic attack, Rogardlcss of 
our degreo ‘of proparation and protection, large numbers of casualties 
ond a more age siee anount of Scie ay 1 ha and dislocation will 
OCCUrs | cs : 


pes United ‘Mehdoad: Otisanientions Tho a ttonpte: of the UNO 
to set up machinery to insure peace in the future will: be by far. the’ 
greatest protection we can possibly have against the etonie boab.if | 
it is successful. :Wo realize, ‘howover , the difficultics of. getting 
agreenent anong nations which is’ poqabr eds : 
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bo. Military preparedness, The basic resnonsibilities of 
military organizations require that they assume that war will occur, 
Otherwise they are negligent in their duties. Regardless of the 
political situation the military must constantly endeavor to have 
its preparedness kept at the highest level. In the caso of atomic 
warfare this will consist of cxtcnsivo stockpiling of all weapons, 
including atomic bombs, It will require readiness of retaliation | 
forcese Because of the nature of the atomic bomb it will requiro ~ 
extensive protection of our ability te retaliate and conduct an 
offensive war. As was soon above, advance warning is most impor 
tant — thus an officicnt forcign intelligence corps is vital. Some 
persons have raised the provoking thought that, because of the capa- 
bilities of tho atomic bomb, we will lose an atomic war unless wo 
attack first, assuming the enemy has atomic bombs, 


C. Avital part of active defense which is, in my opinion, 
erroneously played down’ in articles in the press is the believed 
futility of intcrcoption of an atomic bomb carrior and thus prevent- 
ing dcolivery of the bomb on the targot. Within tho last few weeks 
our authorities on guided missiles have stated oponly that it is 
their belief that Buided missiles cannot de uscd as a carrier for 
at least another 10 or 15 years. The military must consider the 
intervening years in which it is.anticinatod that manned aircraft 
are the most likely vohiclo. Wo have had only « fair degree of suc~ 
cess in the intercoption of aircraft on bombing missions. There is 
no scientific rcason why our degree of interception can't be raisod 
to nearly 100% if » tromondous amount of monoy, tino and téchnical 
ability is put on tho problem, Atomic warfare, as you have secon, 
presents a truly horrible outlook. It is our duty to push to the: 
utmost any procedure which could possibly reduce its cffectivenoss | 
against us. 
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